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INTRODUCTION

The car bon ate-hosted sul phide and nonsulphide de -
pos its on the Cariboo Zinc prop erty are lo cated north of
Quesnel Lake in east-cen tral Brit ish Co lum bia (NTS
93A/14E, 15W), at a lat i tude of ap prox i mately 52°49'N and 
lon gi tude 120°55'W (Fig ure 1). They are hosted by rocks of 
the Cariboo terrane, which rep re sents a dis placed segment
of the an ces tral North Amer i can mar gin (Struik, 1988). The 
Cariboo terrane is known to host a wide va ri ety of me tal lic
de pos its, in clud ing polymetallic Ag-Pb-Zn (±Au) veins,
car bon ate- and sed i ment-hosted mas sive sulphides (i.e.,
Zn-Pb Mis sis sippi Val ley type, sed i men tary ex ha la tive Zn-
Pb-Ag Besshi type), Au plac ers and nonsulphide de pos its
(Struik, 1988; Höy and Ferri, 1998).

In di vid ual car bon ate-hosted Pb-Zn oc cur rences on the 
Cariboo Zinc prop erty crop out along a north west-trending
belt about 8 km long. They com prise per va sive fine-
grained sul phide and nonsulphide dis sem i na tions and ag -
gre gates form ing pods, sul phide- and nonsulphide-bear ing
quartz veins, and crackle brec cias sim i lar to those found in
Mis sis sippi Val ley–type de pos its. This pa per, based on our
2009 field ob ser va tions and pre vi ous work by Teck Cor po -
ra tion and Pembrook Min ing Cor po ra tion, pro vides a ba sis
for on go ing lab o ra tory in ves ti ga tions of sul phide and
nonsulphide min er als from the Cariboo Zinc de pos its. It
also con trib utes to a better un der stand ing of geological
constraints on nonsulphide deposits of southern BC.

BACKGROUND INFORMATION ON
NONSULPHIDE DEPOSITS

Nonsulphide de pos its were the main source of Zn prior 
to the 1930s. How ever, the min ing in dus try turned its at ten -

tion to sul phide ore 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. To -
day, most Zn de rives from sul phide ore (Hitzman et al.,
2003; Simandl and Paradis, 2009). Nev er the less, the suc -
cess ful op er a tion of a ded i cated pro cess ing plant to ex tract
Zn metal at the Skorpion mine in Namibia dem on strates
that de pos its con tain ing nonsulphide and mixed Zn-Pb ores 
represent valid exploration targets.

Car bon ate-hosted, nonsulphide base-metal 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 [SEDEX], Irish-type and vein-type de pos its and,
to a lesser ex tent, skarns). Sev eral car bon ate-hosted sul -
phide de pos its in the Kootenay 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 and Simandl, work in
prog ress, 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. Lib er ated 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, form ing wallrock-re -
place ment car bon ate-hosted nonsulphide base-metal de -
pos its (Heyl and Bozion, 1962; Hitzman et al., 2003;
Simandl and Paradis, 2009). The di rect-re place ment non -
sulphide de pos its, also known as ‘red ores’, con sist com -
monly of Fe-oxyhydroxides (red in col our), goethite and
he ma tite, with lesser con cen tra tions of hemimorphite,
smithsonite, hydrozincite and cerussite; they typ i cally con -
tain >20% Zn, >7% Fe and Pb±As. 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). The wallrock-re -
place ment de pos its, also known as ‘white ores’, con sist of
smithsonite, hydrozincite and mi nor Fe-hy drox ides, and
con tain <40% Zn, <7% Fe and very low con cen tra tions of
Pb. 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 car bon -
ate-hosted nonsulphide base-metal de pos its (Simandl and
Paradis, 2009). From the metallurgical and environmental
perspectives, the ‘white ores’ are simpler and preferable.

REGIONAL GEOLOGY

The Cariboo Zinc sul phide and nonsulphide oc cur -
rences oc cur within the Cariboo terrane of cen tral BC (Fig -
ure 2). 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 (Fig ure 1).
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 (Fig ure 2), which cor re sponds to a north ern ex -
ten sion of the Kootenay terrane. Rocks of the Barkerville
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subterrane are in ter preted as an out board fa cies of the
North Amer i can con ti nen tal mar gin (Struik, 1988; Colpron 
and Price, 1995), whereas rocks of the Cariboo terrane con -
tain fa cies that sug gest a more prox i mal con ti nen tal-shelf
set ting (Struik, 1988; Ferri and O’Brien, 2002; Schiarizza
and Ferri, 2003). Rocks of the Cariboo and Barkerville ter -
ranes are struc tur ally over lain, across the gently dip ping
Pundata thrust fault, by Lower Mis sis sip pian to Lower
Perm ian bas alts and chert of the Ant ler For ma tion of the
Slide Mountain terrane (Struik, 1988).

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 Stuart Group (Fig -
ure 2).

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 biostrati -
graphically cor re la tive with the Badshot For ma tion of the
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Fig ure 1. Lo ca tion of the Cariboo Zinc prop erty study area 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: St, Stikine terrane; CC, Cache Creek terrane;
Q, Quesnel terrane; SRMT, south ern Rocky Moun tain Trench.



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

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 (Fig ure 3) 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 ates and car bo na -
ceous shale of the Cariboo terrane. These in clude the
Maybe (MINFILE 093A  110; BC Geo log i cal Sur vey,
2009), Vic (MINFILE 093A  070), Cun ning (MINFILE
093A  222), and Comin Throu Bear (MINFILE 093A  158)
stratabound mas sive sul phide de pos its (Höy and Ferri,
1998). Nu mer ous polymetallic Zn-Pb (±Ag±Au) veins
cross cut sed i men tary rocks of the Cariboo and Black Stu art
groups; some ex am ples in clude the Joy (MINFILE
093A  049), MB (MINFILE 093A  68), and VIP (MINFILE
093  162) showings.

Geo log i cal Field work 2009, Pa per 2010-1 71

Fig ure 2. 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 is the area cov ered by Fig ure 3. Min eral oc cur rences, ac -
cord ing to BC MINFILE (BC Geo log i cal Sur vey, 2009): 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.
Oc cur rences 1, 2, and 3 form the Cariboo Zinc prop erty.
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Fig ure 3. Re gional ge ol ogy of the Cariboo Zinc prop erty area, east-cen tral Brit ish Co lum bia (from Lormand and Al ford, 1990).



GEOLOGY OF THE CARIBOO ZINC
PROPERTY

Based on the re gional map ping of Struik (1983b,
1988), the prop erty is un der lain by Late Pro tero zoic car -
bon ate and pelitic metasedimentary rocks of the Cun -
ningham and Isaac for ma tions of the Cariboo Group (Fig -
ure 2).

The car bon ate host ing the Zn-Pb sul phide and non -
sulphide min er al iza tion was des ig nated by Murrell (1991)
as the Isaac For ma tion; how ever, Höy and Ferri (1998) re -
ferred to it as the Cunningham For ma tion. Brad ford and
Hock ing (2008) fa voured the in ter pre ta tion of Höy and
Ferri (1998), based on the ex trap o la tion of geo log i cal map -
ping done west of the Cariboo Zinc de posit area by Struik
(1988).

A geo log i cal map of the study area (Fig ure 3), pro -
duced by Lormand and Al ford (1990), out lines folded se -
quences con sist ing of interlayered car bon ate and
metapelitic sed i ments. The metasedimentary rocks 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 crosscut the metasedimentary rocks (Figure 3).

Three main va ri et ies of car bon ate rocks en coun tered
dur ing our visit are

· light to me dium grey, mot tled dolomitic lime stone or
limy dolostone, com monly with rounded, dis tinct to
dif fuse ‘frag ments’ of white do lo mite and lo cally ap -
pear ing brecciated (e.g., Main prospect);

· creamy white, fine-grained dolostone that is lo cally si -
lici fied; and

· thinly bed ded/lay ered grey lime stone.

The interlayered metapelite con sists of fine-grained
me dium to dark sil ver-grey and green phyllite, siltstone and 
gar net-mus co vite schist, the lat ter rep re sent ing a more
highly meta mor phosed equiv a lent of the phyllite (Murrell,
1991).

Most of the Pb-Zn min er al iza tion seems to be as so ci -
ated with the dolostone–dolomitic lime stone in ter val ad ja -
cent to the ‘phyllite’ unit (Fig ure 3). We do not have de -
tailed in for ma tion to de ter mine if this gen er al iza tion is
cor rect for the Canopener oc cur rence. At the Main pros -
pect, the sep a ra tion be tween the dolostone–dolomitic lime -
stone in ter val and the phyllite ap pears wider (Fig ure 3) be -
cause the con tact be tween the dolostone and the phyllite
(largely eroded) is interpreted to be subhorizontal.

In tru sive rocks, mainly granodiorite and quartz mon -
zonite, crop out north and south east of the min er al ized belt
but have not been ob served on the Cariboo Zinc prop erty.
The pres ence of sim i lar in tru sive rocks at depth is sug -
gested by geo phys i cal data (Figure 4).

CARBONATE-HOSTED SULPHIDE AND
NONSULPHIDE MINERALIZATION

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 3). In the BC
MINFILE 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).

De scrip tions of the oc cur rences vis ited (i.e., Flip per
Creek, Do lo mite Flats, Main, and Gunn) are based on our
field ob ser va tion and the re ports of Murrell (1991) and
Brad ford and Hock ing (2008). The de scrip tion of the
DeBasher show ing is sum ma rized from Murrell (1991) and 
Brad ford and Hock ing (2008). No de scrip tion of the
Canopener (also known as Sum mit Lake) oc cur rence is
given in BC MINFILE or in as sess ment reports.

DeBasher

The DeBasher show ing is lo cated on the west side of
road 8400 and north east of DeBasher Lake (Fig ure 3). Sul -
phide min er al iza tion con sists of quartz veins and mo saic
brec cias con tain ing er rat i cally dis trib uted ga lena and
sphalerite. Patches of or ange ox ide boxwork (af ter
sphalerite) were the only nonsulphides ob served by Brad -
ford and Hock ing (2008). The hostrocks are si li ceous limy
dolostone over lain by cream dolostone. These rocks are
over lain by phyllite along a faulted con tact (Murrell, 1991). 
Min er al iza tion seems to be pref er en tially lo cated at the
faulted dolostone-phyllite contact.

Flipper Creek

The Flip per Creek pros pect was dis cov ered dur ing
road build ing in 1989 (Murrell, 1991). It is lo cated 650 m
south east of the 8400 road and ex tends for 240 m in a north -
west erly di rec tion along the south bank of Flip per Creek.
This min er al iza tion co in cides with a 100 m by 350 m Pb-Zn 
soil anom aly out lined by Teck Cor po ra tion dur ing fol low-
up work (Brad ford and Hocking, 2008).

Min er al iza tion, hosted by me dium-grained white
dolostone, con sists of sphalerite clots and pods, 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
185º. The seams and pods of ga lena and sphalerite oc cur
within and along the mar gin of the vein (Fig ure 5). Bar ite-
as so ci ated min er al iza tion may post date 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 
creek1 (Figure 3).

Murrell (1991) re ported patchy green sphalerite
hosted within the cream dolostone and as so ci ated with

Geo log i cal Field work 2009, Pa per 2010-1 73

1 unofficial place name



74
B

rit ish C
o lum

 bia G
eo log i cal Sur vey

Fig ure 4. Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia, show ing ground grav ity con tours of cal cu lated Bouguer grav ity anom a lies (Luckman, 2008). Anom a lies A, B, C, and D are dis -
cussed in the text.



white bar ite in prox im ity to the fault. Ir reg u lar dis sem i -
nated blebs, wisps and veinlets of ga lena were un cov ered
dur ing our visit, and or ange-red sphalerite was ob served
within a dark grey brecciated dolostone (Murrell, 1991).

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 pros pect (Fig ure 3). The min -
er al iza tion is pres ent in sev eral low-re lief dome-shaped
out crops, up to 40 m by 20 m in size, along the main ac cess
road (Fig ure 6A). The two main rock types pres ent in this
area are lime stone and dolostone.

The lime stone crops out on the side of the road be -
tween the Main and Do lo mite Flats occurrences. It is beige
to me dium grey and pit ted on weath ered sur faces, and pale
grey on fresh sur faces. Sub tle lay er ing that is lo cally dis -
cern ible may rep re sent relicts of orig i nal bed ding or meta -
mor phic lay er ing. This rock re acts well with HCl and does
not ap pear to be mineralized.

White- to cream-col oured, fine- to me dium-grained
crys tal line dolostone is the dom i nant li thol ogy at the Do lo -
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Fig ure 5. Bar ite vein with seams of ga lena at the bor der and in the
mid dle of the vein, Flip per Creek pros pect, Cariboo Zinc prop erty,
east-cen tral Brit ish Co lum bia.

Fig ure 6. Do lo mite Flats pros pect, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) typ i cal out crop ex po sure in the Do lo mite Flats
pros pect area; B) or ange-brown patches cor re spond ing to ox i dized sulphides dis sem i nated in the dolostone; C) frac ture-fill ing ox i dized
sulphides oc ca sion ally form ing boxwork tex ture in the dolostone; D) close-up of fine grains and ag gre gates of nonsulphides and ox i dized
sulphides in the dolostone.



mite Flats pros pect. The dolostone is char ac ter ized by low
re sponse to ‘Zinc Zap’ (Zn in di ca tor so lu tion) and weak
acid re ac tion (largely lim ited to cal cite microfracture coat -
ings). It com monly con tains less than 1% milli metre-size
grains of a soft grey to black min eral, and lo cally con tains
white mica and pos si bly clinopyroxene, pref er en tially con -
cen trated along hair line frac tures (mi cro scope study is
needed to confirm the mineralogy).

Base-metal (Zn-Pb) sul phide and nonsulphide min er -
al iza tion ap pears to be con fined to the dolostone. In prox -
im ity to min er al iza tion, the dolostone hostrock is gen er ally
me dium- to coarse-grained, with crys tals up to 1 cm in size.
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 and talc grains.
These are dis sem i nated within the dolostone or oc cur as
frac ture fill ings (Fig ure 6B, C). 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 partially controlled by
hairline fractures.

Nonsulphide min er als are typ i cally soft red dish brown
to or ange, prob a bly dom i nated by smithsonite or hemimor -
phite; how ever, the min er al ogy has yet to be con firmed.
These min er als are wide spread through out the fine-grained 
cream-col oured dolostone (char ac ter ized by a weak re -
sponse to Zinc Zap) in low con cen tra tions as fine ag gre -
gates or min ute specks (Fig ure 6D). 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. 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 radiating
nonsulphide needles lining cavities.

An ex plo ra tion hole, drilled with a hand-held Pack -
sack drill in 1998, reached a depth of 34 m in dolostone
brec cia and ended in min er al iza tion (hole 98-2; McLeod,
1999). The anom a lous sam ples from this hole (Ta ble 1) are
con sid ered to be gen er ally rep re sen ta tive of the known
mineralization.

Di a mond-drill hole 94-1 (length 92.4 m), col lared
380 m south east of hole 98-2 (half way be tween the Main
and Do lo mite Flats zones), re turned anom a lous Pb and Zn
in interlayered lime stone, phyllite and dolostone be tween
63.7 m and the end of the hole. Sev eral sam ples re turned up
to 2.21% Zn over 0.6 m in ter vals (e.g., sam ple G12 [79.86–
80.47 m] re turned 0.01% Pb and 2.21% Zn; McLeod,
1995). This hole also ended in ga lena-sphalerite min er al -
iza tion. Ad di tional drill ing took place in 1999 within the
gen eral area of the Do lo mite Flats pros pect; how ever, it tar -
geted a grav ity anom aly rather than geo chem i cal anom a -
lies. Pembrook Mining now be lieves that the 1999 drill -
holes were col lared be low the most fa vour able con tact,
which is lo cated within the dolostone near the phyllite
contact.

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 ga lena fill ings are not com mon in the
out crops and are rather ir reg u larly dis trib uted.

Re sults of chem i cal anal y ses of sam ples col lected dur -
ing the 2009 visit were not avail able at the time of writ ing.

Main

The Main pros pect, dis cov ered in 1989, is ex posed in a
trench ap prox i mately 48 m long and 28 m wide (Fig ure
7A). 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 sphal -
erite (Fig ure 7B, C). Min er al iza tion is largely frac ture con -
trolled. The main quartz-ga lena (±sphalerite) vein sys tem
strikes 300–360º and dips east at 60–90º. It cross cuts bar ren 
quartz veins (2–3 cm wide) with ori en ta tions of 150º/80ºW, 
135º/50ºS and 120º/45ºS.

Ar eas (up to 1 m by 0.5 m) con sist ing largely of mas -
sive ga lena (±euhedral sphalerite) are pres ent along ex -
posed faces of ma jor frac tures within the prin ci pal trench of 
the Main pros pect (Fig ure 7D); in most cases, how ever,
these frac tures are less than 5 cm thick and, as the ga lena
con tent de creases, quartz con tent increases.

Map ping has shown that phyllite is pres ent in the area;
how ever, un like else where on the prop erty, it is flat ly ing or
dips gently to the south (Murrell, 1991).

Teck Cor po ra tion drilled two Win kie holes, GL90-1
and GL90-2 ori ented at 307º and 288º, re spec tively, and
plung ing 45º, di rectly be neath the main trench to test for
pos si ble ver ti cal ex ten sions of the sur face min er al iza tion
(Murrell, 1991). Both drillholes were anom a lous in Zn
through out, with val ues up to 3.9% Zn and 1.1% Pb over
0.5 m. Lead val ues were lower than ex pected, based on the
spec tac u lar na ture of the ga lena-rich surface exposures.

Gunn

The Gunn show ing is as so ci ated with an ex ten sive Zn-
Pb soil anom aly (Can non, 1970; Brad ford, 2006). One
large out crop of dolostone with nu mer ous small trenches
oc curs ad ja cent to the dirt road. Sev eral out crops and nu -
mer ous larger trenches oc cur over a 250 m by 125 m area
south of the dirt road, ap prox i mately 150 m south east of the
Main prospect (Figure 3).

Min er al iza tion con sists of quartz-ga lena (±sphalerite)
veins and frac ture fill ings, bar ite-ga lena-sphalerite veins,
pods of ox i dized sulphides, and dis sem i nated fresh and ox i -
dized sphalerite. The car bon ate host is a fine- to me dium-
grained recrystallized white dolostone (Fig ure 8A). The
dolostone weath ers pale to me dium grey with an oc ca sional 
pink ish tint, ap pears beige ad ja cent to the veins and is white 
on fresh sur faces. Ad ja cent to the min er al ized veins, the
dolostone oc ca sion ally con tains fine-grained dis sem i nated
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Table 1. Zn and Pb content of samples from
drillhole 98-2 (McLeod, 1999; Bradford and
Hocking, 2008), Dolomite Flats prospect, Cariboo
Zinc property, east-central British Columbia.



dark grey– and honey-col oured, par tially oxidized sphaler -
ite (Figure 8B–D).

A white to pale grey–weath er ing si lici fied knob lo -
cated im me di ately south of the road con tains ga lena-bear -
ing veins with vari ably weath ered sphalerite, and bar ite-ga -
lena-sphalerite veins (Fig ure 8E). Trench ing in the vi cin ity
of the knob has re vealed sev eral ad di tional show ings over
an area mea sur ing 250 m by 125 m (Murrell, 1991; Brad -
ford and Hocking, 2008).

The prin ci pal Gunn ex ca va tion (Fig ure 8F), lo cated
250 m west of the road, shows a com plex net work of
quartz-ga lena (±sphalerite±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 west or north
(280°/67°S, 300°/80–90°N to 110–130°/46°S and
000°/45°E). 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 min er als.
The nonsulphides in clude white to pale grey, trans lu cent to
trans par ent ra di at ing crys tals, 2–3 mm in length (prob a bly

cerussite; Fig ure 9A), and stubby white trans par ent crys -
tals, 1.5 mm in length and 0.5 mm in di am e ter (Fig ure 9B)
that are ten ta tively iden ti fied as angle site. Other
nonsulphides ob served are hydrozincite and hemimor -
phite. 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 sampled a
combination of vein-type and nonsulphide replacement-
type mineralization.

Que

The Que show ing com prises a large num ber of shal low 
ex plor atory trenches and stripped out crops and subcrops
(Fig ure 10A) 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 (Fig ure 3). The show ing con sists of ir reg u larly
dis trib uted dolostone-hosted sphalerite, ga lena and
nonsulphide min er al iza tion. The area of known min er al iza -
tion out lined be tween 1981 and 2008 by var i ous op er a tors
con tin ues to ex pand, as Pembrook Min ing Cor po ra tion lo -
cated sev eral new min er al ized outcrops during our 2009
field visit.
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Fig ure 7. Main pros pect, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) main trench; B) quartz-sphalerite-ga lena-nonsulphide
(af ter sphalerite) vein; C) quartz-ga lena vein; D) pod of ga lena, nonsulphides (cerussite) and sphalerite that form part of a vein-brec cia sys -
tem.



Boul ders of nonsulphide min er al iza tion are scat tered
through out the area. 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 (Fig ure 10B, 10C). One of the

main base-metal nonsulphide min er als is prob a bly cerus -
site (Fig ure 10D), but de tailed min er al og i cal in ves ti ga tion
is re quired.

Dur ing our 2009 prop erty visit, white-coated ga lena
(sphalerite-free) nod ules up to 4–5 cm across (Fig ure 11)
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Fig ure 8. Gunn show ing, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) fine-grained recrystallized white dolostone; B) dis sem i -
nated ox i dized (or ange) and fresh (yel low ish) sphalerite in the fine-grained white dolostone; C) ag gre gates of fresh yel low sphalerite in the
fine-grained white dolostone; D) ox i dized red dish brown sulphides (pre sum ably sphalerite) in the white dolostone; E) bar ite-ga lena-
sphalerite vein cross cut ting the dolostone (only bar ite is clearly vis i ble in the pho to graph); F) main Gunn ex ca va tion.



were un cov ered in a north-flow ing stream less than 50 m
up stream from an oc cur rence of high-grade nonsulphide-
rich boul ders. These rounded nod ules may be im por tant be -
cause the creek bed con sists ex clu sively of flat, coarse, an -
gu lar dolostone frag ments, in di cat ing a prox i mal or i gin.
No rounded ex otic peb bles, com monly ob served in the
nearby over bur den, were seen in the stream. These ga lena
nod ules may have formed by dis so lu tion of the sur round ing 
hostrocks and par tial con ver sion of ga lena to angle site.
This would be con sis tent with the pro cess de scribed by
Heyl and Bozion (1962), Reichert and Borg (2008) and
Simandl and Paradis (2009). Cav i ties within the rounded
nod ules still con tain rem nants of the host dolostone and or -
ange-col oured nonsulphide min er als. These cav i ties
formed by par tial dis so lu tion of the host dolostone and
sphalerite crys tals. Sharp and an gu lar quartz grains pro -
trud ing from the ga lena would have bro ken off or sep a rated
from the ga lena if the nod ules had been trans ported down -
stream for any sig nif i cant dis tance. The pres ence of quartz
sug gests a type of min er al iza tion (or protore) sim i lar to that
ob served in the Main and Gunn oc cur rences. One of the
nod ules con tains ‘stri ated’ relicts of am phi bole crys tals or
stacked seri cite sheets. Both am phi bole and sericite were
observed locally, adjacent to galena-rich veins at or near the 
Main prospect.

DISCUSSION

This dis cus sion is based on the 2009 field ob ser va tions 
and pre vi ous in ves ti ga tions by the in dus try. No re sults of
chem i cal anal y ses, thin sec tion pe trog ra phy or pow der x-
ray dif frac tion on sam ples col lected dur ing 2009 were
avail able at the time of writing.

Field Observations

All the min er al iza tion ob served dur ing our field visit is 
stratabound, hosted by Mg-bear ing car bon ates (i.e., limy
dolostone–dolomitic lime stone and fine-grained creamy
dolostone). It seems to be lo cated close to the con tact be -
tween the cream dolostone and the limy dolostone (Fig -
ure 3) and, ac cord ing to com pany re ports, near the con tact
be tween the dolomitic car bon ate rocks and the over ly ing
phyll i te.  Al though over al l  the min er  al  iza t ion is
stratabound, it is in part struc tur ally con trolled on the out -
crop scale. It oc curs as dis sem i na tions of fine specks and
centi metre-size ag gre gates, ir reg u lar re place ment zones,
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 trans formed into Zn-Pb nonsulphides.
Smithsonite, hemimorphite, cerussite, hydrozincite and
pos si bly angle site are prob a bly the main nonsulphide Zn
and Pb min er als. They 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 and ga lena. The best Zn-Pb
nonsulphide min er al iza tion was ob served as blocks or
subcrops within the Que zone (Fig ure 10c). The fri a ble na -
ture of the nonsulphide blocks in di cates a prox i mal source.

The pres ence of ga lena nod ules cov ered by a white coat ing
(Figure 11), within the same area, is consistent with near-
surface oxidation of sulphide ores (Simandl and Paradis,
2009).

Sur pris ingly, Fe-sulphides (py rite and/or marcasite)
are ab sent (or 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 py rite is
more re ac tive in sur face en vi ron ments than sphalerite or
ga lena. The destabilization of py rite is ex pected to re sult in
the for ma tion of acidic so lu tions that are then able to at tack
sphalerite and, to some ex tent, ga lena. This means that ei -
ther py rite al ready re acted or it was never pres ent in the sys -
tem. If py rite was orig i nally pres ent but later de stroyed,
then its ox i da tion may have re sulted in the for ma tion of so -
lu tions with a ca pac ity to trans port Zn. Such so lu tions fa -
vour the for ma tion of ‘white’ Zn-rich nonsulphide de pos its
in the area. This aspect must be followed up by detailed
petrographic studies.

Sev eral min er als ten ta tively iden ti fied dur ing this
study, or re ported in pre vi ous stud ies, are known to gen er -

Geo log i cal Field work 2009, Pa per 2010-1 79

Fig ure 9. Gunn show ing, Cariboo Zinc prop erty, east-cen tral Brit -
ish Co lum bia: A) white to pale grey, trans lu cent to trans par ent ra di -
at ing crys tals, 2–3 mm in length (prob a bly cerussite); B) stubby
white trans par ent crys tals (prob a bly angle site) lin ing cav i ties.



ate dis tinct in fra red spec tral re sponses that, un der fa vour -
able con di tions, may be de tect able by re mote sens ing, a rel -
a tively new and prob a bly underutilized ex plo ra tion tool in
Brit ish Co lum bia. The veg e ta tion cover, how ever, may re -
duce the effectiveness of such an approach.

The sig nif i cance of ga lena nod ules re mains to be con -
firmed. They may be relicts of pri mary sul phide min er al -
iza tion, par tially rounded by in ter ac tion with supergene
flu ids (as de scribed by Reichert and Borg, 2008) and sub -
ject to ad di tional round ing dur ing short downstream
transport.

Review of Existing Data with Focus on Pb-
Zn Nonsulphides

Ex plo ra tion in the area has con sisted of tra di tional
pros pect ing, geo log i cal map ping, geo phys i cal and geo -
chem i cal sur veys, trench ing and lim ited drill ing. Both geo -
chem i cal and geo phys i cal meth ods are ef fec tive ex plo ra -
tion tools in se lect ing Pb-Zn sul phide tar gets on the
Cariboo Zinc prop erty (Can non, 1970; Murrell, 1991;
Brad ford, 2006). Ad di tional in for ma tion may be ex tracted
from ex ist ing sur veys, if the nonsulphide Pb-Zn min er al -
iza tion is also tar geted. For ex am ple, the ground grav ity

contours of the cal cu lated Bouguer anom aly (Fig ure 4) rep -
re sents re sults of the most re cent grav ity sur vey. It shows a
gen eral trend of in creas ing grav ity to the north west and de -
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Fig ure 10. Que show ing, Cariboo Zinc prop erty, east-cen tral Brit ish Co lum bia: A) shal low ex plor atory trenches (ar row) and stripped out -
crops and subcrops; B) close-up of ag gre gates of nonsulphide min er als (or ange and white); C) large, an gu lar nonsulphide-bear ing blocks;
D) ra di at ing, tab u lar trans lu cent crys tals of cerussite in cav ity.

Fig ure 11. Ga lena nod ules, Que show ing, Cariboo Zinc prop erty,
east-cen tral Brit ish Co lum bia.



creas ing grav ity to the south east (Luckman, 2008). The
grav ity highs su per im posed on this trend may re flect the
pres ence of Pb-Zn min er al iza tion or lo cal i ties where mi nor
ig ne ous in tru sions ap proach the sur face. Gen eral spa tial as -
so ci a tion of rel a tively dis crete grav ity highs with known
Zn-Pb sul phide min er al iza tion is ob served at the Gunn and
Que show ings (Fig ure 4). The main ex plo ra tion tar get was
the Pb-Zn sul phide min er al iza tion (ei ther Irish-type or
MVT); there fore, the in ter pre ta tion was geared to wards the
se lec tion and test ing of grav ity highs. Nu mer ous drill tar -
gets were pre vi ously iden ti fied by Paget Re sources Cor po -
ra tion or the pre de ces sor com pa nies, based on grav ity highs 
(Luckman, 2008). As a by prod uct of the search for grav ity
highs, the sur veys also com monly iden ti fied grav ity lows.
Fig ure 4 pro vides few ex am ples of grav ity lows that were
not pre vi ously dis cussed. Some of them are lo cated at the
edge of the sur veyed area and may be an ar ti fice of the data
pro cess ing. Oth ers, in clud ing anomalies A, B, C and D,
may require closer attention. They may possibly
correspond to karst features or the presence of porous
(vuggy) nonsulphide mineralization.

The large, nearly cir cu lar neg a tive anom aly (Fig ure 4,
anom aly A) is not as so ci ated with a strong geo chem i cal
sig na ture, but it co in cides with the pro jected lo ca tion of the
strata host ing the main oc cur rence. It may also be an ex -
pres sion of a karst struc ture. Anom a lies B and C have a
much smaller foot print. The low est value of these anom a -
lies cor re sponds to one or two grav ity read ings. They could
1) rep re sent op er a tional glitches dur ing the sur vey; 2) re -
flect the dif fi culty of ob tain ing the proper in ner ter rain cor -
rec tions us ing the clinometers at those par tic u lar lo ca tions;
or 3) be min er al iza tion re lated. Anom aly B is lo cated near
the his tor i cal bore hole 98-01, which tested a grav ity anom -
aly de tected dur ing the 1996 sur vey. This short ver ti cal
bore hole in ter sected a 4 m sec tion of 3.26% Zn and 97 ppm
Pb near the sur face (McLeod, 1999). Low core re cov ery, no 
men tion of sulphides in the com pany’s core log and very
low Pb val ues strongly sug gest that this may be di rect-re -
place ment–type nonsulphide Zn min er al iza tion. Two crit i -
cal grav ity read ings on the sur vey line ad ja cent to anom -
aly B are miss ing, com pli cat ing the as sess ment of this
anom aly. Anom aly C cor re sponds to a sin gle anom a lous
read ing. It is lo cated within the Que show ing area. His tor i -
cal chem i cal anal y ses of at least three sam ples col lected
within 100 m of this anom aly re turned be tween 400 and
5000 ppm Pb. Anom aly D is a multistation type. The low est 
Bouguer val ues are con cen trated along a sin gle tra verse,
cut ting across the pro jec tion of the fa vour able car bon ate
ho ri zon that hosts the Main pros pect. This grav ity low may
co in cide with the trace of a north-northeast-trending fault
(with or without associated karst), with probable graben- or 
half-graben–style down-drop east of the fault.

Karst fea tures, such as sink holes, cav erns and so lu -
tion-col lapse brec cias and other struc tures, are rec og nized
to be im por tant con trols on MVT min er al iza tion in sev eral
Pb-Zn dis tricts (e.g., Pine Point, Tri-State, east and cen tral
Ten nes see, up per Mis sis sippi Val ley). In the Cariboo Zinc
area, the karst struc tures may also pro vide the chan nels for
down ward mi gra tion of supergene Zn-bear ing flu ids
and/or re sult in de pres sions of the wa ter ta ble. Both of these 
pos si bil i ties are im por tant for the gen e sis of nonsulphide
wallrock-re place ment Zn-Pb de pos its (Simandl and
Paradis, 2009). Fur ther more, the karst struc tures and re -
lated top o graphic de pres sions are also known to con trol the 
dis tri bu tion of ‘re sid ual- and karst-fill-’ types of
nonsulphide de pos its, as de fined by Heyl and Bozion,

(1962) and Hitzman et al. (2003). We had no strong rea sons
to con sider this cat e gory of nonsulphide Pb-Zn de pos its in
the Salmo area of south ern BC (Simandl and Paradis,
2009); how ever, this cat e gory of min er al iza tion could be
en coun tered in the Cariboo dis trict. Knowl edge of phys i cal
prop er ties of nonsulphide min er al iza tion in the Cariboo
Zinc dis trict would greatly improve the quality of the
interpretation, but such data are not presently available.

CONCLUSION

The area is char ac ter ized by a large num ber of strata -
bound Pb-Zn oc cur rences hosted by dolomitic car bon ates
along a north west-trending belt about 8 km long. Both Pb-
Zn sul phide and nonsulphide types of min er al iza tion are
pres ent at the Flip per Creek, Do lo mite Flats, Main, Gunn
and Que oc cur rences. The con ti nu ity of sul phide and
nonsulphide min er al iza tion ex posed within the Cariboo
Zinc prop erty is not well constrained.

Mod ern ex plo ra tion pro grams are typ i cally in te grated
(i.e., com bin ing tra di tional pros pect ing and map ping with
geo phys i cal and geo chem i cal meth ods). The area was in -
ves ti gated to some ex tent in terms of its Zn-Pb mas sive sul -
phide po ten tial but re mains nearly vir gin in terms of ex plo -
ra tion aimed at nonsulphide base-metal de pos its. Ex ist ing
sur veys could be re in ter preted to iden tify ar eas fa vour able
for nonsulphide min er al iza tion. For ex am ple, the pos si ble
sig nif i cance of the pos i tive Bouguer anom a lies was pre vi -
ously ad dressed. Neg a tive Bouguer anom a lies were not
dis cussed. They should be care fully as sessed to de ter mine
if they re flect karst struc tures, which could be po ten tial
con trols on nonsulphide Pb-Zn ores. Es ti mates of phys i cal
prop er ties of nonsulphide and sul phide min er al iza tion
(based on sam ples col lected in 2009) will fa cil i tate future
interpretation of the geophysical surveys done on the
Cariboo Zinc property.

De tailed lab o ra tory work, in clud ing mi cros copy, scan -
ning elec tron mi cros copy, pow der x-ray dif frac tion, and
geo chem i cal and iso to pic anal y ses will help de velop cus -
tom ized ge netic and ex plo ra tion mod els for sul phide and
nonsulphide Pb-Zn min er al iza tion within the Cariboo
terrane. It may also open the door for use of cut ting-edge
ex plo ra tion tech nol o gies. For ex am ple, de pend ing on veg -
e ta tion cover, the short-wave in fra red spec tral re sponse of
some nonsulphide base-metal ore min er als (e.g. ,
hydrozincite and smithsonite) may make re mote sens ing a
po ten tially cost-ef fec tive ex plo ra tion method that has yet to 
be tested in British Columbia.
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