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Carbonate-hosted, nonsulphide base metal deposits are derived from sulphide
mineralization (i.e.,, MVT, SEDEX, Irish-type, vein-type deposits and skams) by
supergene processes. Several carbonate-hosted sulphide deposits in the Kootenay
terrane (Salmo district), adjacent Cariboo terrane (Quesnel Lake district), and
elsewhere in BC have near-surface Zn- and Pb-bearing iron oxide-rich gossans. 018 % Ay
Such gossans form when carbonate-hosted, base-metal sulphide mineralization is : TR S N | |
subject to intense weathering and metals are liberated by the oxidation of sulphide | g T o D
minerals. The metals can be trapped locally, forming direct replacement,

nonsulphide ore deposits (“red ores”) or they can be transported by percolating
waters down and away from the sulphide protore, forming wallrock replacement
nonsulphide deposits (“white ores™). Wallrock replacement deposits can be located
in proximity to protore or up to several hundreds of metres away.
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E Quaternary: thick alluvium 08-SP-225F
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UTM-Location'’

5429240 N/ 471308 E

Sample #
07-SP-19-1
07-SP-19-2
07-SP-20-2

08-SP-85
08-SP-87A Oxide
08-SP-87B Oxide
08-SP-88B Oxide
08-SP-104A

08-SP-104B2
08-SP-105
08-SP-112

Deposit
Red Bird
Red Bird
Red Bird

Oxide 5457482 N / 489475 E

Trench C-2000-01 Trench C-2000-02 T ‘ oy R : 4
21m at 6.93% Zn _~18.1m at 9.14% Zn =S \ . ] :
sample 207: 5.1%Pb / 11.9% Zn Py : A g

-~
/, ©/R-2000-09
| B R-2000-08

R-2000-01

Iron oxide gossan 422 412 4705 001 023 042 0.07 0.15 0.024 4 51.4 0.26 0.05 689 291 269.3 127 74 258
Altered dolostone 0.13 <0.02 028 003 217 <001 1121 0.09 0.004 <2 2.1 13.57 0.03 1.3 0.2 49 395 0.2 4.3
Iron oxide gossan 3.64 3.67 4823 <0.01 0.18 056 0.06 0.13 0.018 3 12 0.19 0.13 50.6 74 2152 93 0.7 105.2
Nonsulphide-rich carbonate 3877 013 072 0.06 3.21 9.8 0.09 042 0.23 32 1.2 0.12 <0.02 1.8 <01 103 130 0.7 330
Nonsulphide-rich carbonate 4979 019 3.29 0.1 0.05 6.17 0.03 0.04 0.042 7 12.9 0.04 <0.02 2.2 0.1 12.4 20 08 1149
Iron oxide gossan 155 1.02 56.19 <0.01 <0.01 022 0.07 0.01 0.005 4 11.2 0.66 <0.02 3.1 5.3 23.6 16 0.8 20.1
Nonsulphide-rich carbonate 3152 014 153 006 012 014 019 147 0.008 4 21.2 0.05 0.04 55 0.1 35.1 6 426.5
Iron oxide gossan 446 114 4106 0.03 202 0.02 0.7 0.07 0.024 6.2 0.97 29 2382 294 106 26 0.3 91.5
Iron oxide gossan 418 128 3941 001 137 0.01 026 0.05 0.022 15.6 0.31 40.04 2287 134 757 11 454 784
Iron oxide gossan 0.8 3.08 4937 <0.01 0.12 0.02 0.08 0.16 0.003 53.1 4.64 0.68 29.3 1015 605 9 1.5 27

Oxidized mineralized dolostone ~ 29.07 11.61 3.16 0.04 482 0.08 272 0.15 0.342 43.6 9.39 <0.02 1746 103 917 72 9.5 3.7

/\/ “Mixed ores” (sulphides, nonsulphides,
— 7~ Fe-oxyhydroxides)

5429240 N/ 471308 E

Trench B-2000-01
12.8m at 15% Zn

S

Zone C

=
Red Bird no.1
tunnel portal

5429349 N/ 471420 E

5457719 N / 489516 E

— 5429300 ) ]
Late Proterozoic and Paleozoic

Snowshoe Group

- Bralco succession

E Downey succession
- Mount Baker volcanic rocks

46° 5457719 N / 489516 E
4 5457365 N / 489966 E

Jersey 5439662 N / 483892 E

Trench B-2000-05
1.4m at 17.76% Zn

Jersey 5439685 N / 483918 E

Jersey 5439963 N/ 484104 E

140 m west
to zone A

—

Zone\B/\?/

Zinc oxide boulders
17% to 34% Zn

Jersey-Emerald 5439836 N /484182 E

08-SP-113 Jersey-Emerald 5439830 N /484168 E  Oxidized mineralized dolostone  36.83  7.71 9.41 003 124 013 071 0.13 0.177 33.6 4.98 0.03 624 152 1843 6.6 10.4

R-2000-04 R_2000-02

R-2000-03 7] Undivided Snowshoe Group

08-SP-114
08-GS-15 HB
08-GS-16

08-GS-16A

Jersey-Emerald 5439777 N/484107E  Oxidized mineralized dolostone 8.64 817 1.83 0.03 1552 0.02 895 0.07 0.067 46 10.27 4.87 7.9 2.7 14.3 2.2 23

Iron oxide gossan 3063 509 1934 0.07 028 0.06 046 0.07 0.133 0.63 0.02 11 100.8
Iron oxide gossan 2.2 117 3287 033 1032 017 1.91 0.38 0.001 3.7 4.56 0.02 2.8 171 2.2
Iron oxide gossan 1.85 123 528 002 065 017 019 0.19 0.001 5.8 0.36 <0.02 23 2374 0.5

—

To town of Trail

5444589 N / 485465 E

The direct replacement nonsulphide deposits consist predominantly of Fe-
oxyhydroxides, goethite, hematite, hemimorphite, and minor smithsonite,

Cariboo terrane
Ordovician to Mississippian

Lomond 5427797 N/ 475327 E

Lomond 5427797 N/ 475327 E

hydrozincite and cerussite. In the Salmo district, direct replacement deposits contain
0.8-23% Zn, 0.7-5% Pb, and >20% Fe. They form oxidation zones over carbonate-
hosted zinc-lead sulphides in which they replace (pseudomorph) the sulphide
aggregates. They mainly occur as large imegular replacement masses,
encrustations, or open-space fillings. Direct replacement deposits of the Quesnel
Lake district consist of pervasive fine-grained sulphide and nonsulphide
disseminations and aggregates forming pods and masses, sulphide- and
nonsulphide-bearing quartz (+calcite) veins, and crackle breccias. Sulphides are
galena, sphalerite, and trace amounts of pyrite. Nonsulphides are smithsonite,
hemimorphite, cerussite, hydrozincite, and possibly anglesite. Grab samples assayed
17.3-51.0% Zn, 0.1-1.5% Pb, and 04-0.8% Fe. In most occurrences, the spatial
continuity and/or the dose spatial relationships in combination with morphological
similarities between sulphide and associated nonsulphide zones suggest direct
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Simplified geological map of southeastern BC showing the Kootenay Arc
and location of carbonate-hosted Zn-Pb deposits (modified from Wheeler
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Schematic surface plan of zones B and C, Red Bird prospect, Salmo district,

southeastern BC (after Gorzynski, 2001).

Yanks Peak, Midas, Mural, Dome Creek formations
Isaac, Cunningham, Yankee Belle formations

Kaza Group

Fault e2 Mineral occurrence

Thrust fault —~ Geological contact

. 70%
v ,

Overburden

Dolostone; variably altered

Trench B-2000-01

Red Bird prospect

General bedrock geology between Cariboo River and Mitchell Lake (after Campbell, 1978; Struik, 1983a, b, 1988;
Ferri and O'Brien, 2003), east-central BC. The dotted rectangle (occurrences 1, 2, and 3) is the area covered
by the Cariboo Zinc property (Figure 3). Mineral occurrences, according to BC MINFILE (BCGS, 2010):

1 - Sil (corresponds to the Gunn and Que showings in this study), 2 - Grizzly Lake (corresponds to the Flipper

08-GS-17
08-GS-18A
08-GS-18B
08-GS-18C
08-GS-19A
08-GS-20A
08-GS-21
08-GS-22D
09-SP-172
09-SP-174
09-SP-176
09-SP-181
09-SP-183-1
09-SP-186
09-SP-191
09-SP-195
09-SP-197

09-SP-198

Lomond
Lomond
Lomond
Lomond
Lomond
Lomond
Lomond

Lomond

Red Bird, Trench
B 2000-01
Red Bird, Trench
B 2000-01
Red Bird, Trench
B 2000-01
Red Bird, Trench
B 2000-01
Red Bird, Trench
B 2000-01
Red Bird, Trench
C 2000-01
Red Bird, Trench
C 2000-01
Red Bird, Trench
C 2000-01
Red Bird, Trench
C 2000-01
Red Bird, Trench
C 2000-01
Red Bird, Trench

5427797 N / 475327 E
5427785 N /475301 E
5427785 N /475301 E
5427785 N /475301 E
5427915 N / 475482 E
5427906 N / 475494 E
5427910 N/ 475526 E

5427787 N / 475355 E

5429240 N / 471314 E

5429240 N / 471314 E

5429240 N/ 471314 E

5429240 N/ 471314 E

5429240 N / 471314 E

5429388 N / 471447 E

5429388 N / 471447 E

5429388 N / 471447 E

5429388 N / 471447 E

5429388 N / 471447 E

5429388 N/ 471447 E

Iron oxide gossan
Iron oxide gossan
Iron oxide gossan
Altered dolostone
Iron oxide gossan
Iron oxide gossan

Iron oxide gossan

Iron oxide gossan

Oxidized clay
Nonsulphide-rich dolostone
Iron oxide gossan
Iron oxide gossan
Iron oxide gossan
Iron oxide gossan
Nonsulphide-rich dolostone
Iron oxide gossan
Iron oxide gossan

Iron oxide gossan

1.53
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3.4
0.36
1.23
2.42
2.25
1.77

4.9

0.77
1.41
1.37
0.13
0.66
1.41
0.94
2.47

1.65

0.76

0.85

2.99

2.82

2.26

0.68

3.95

3.57
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56.45
48.94
49.32
4.44
53.8
53.33
53.41
55.45

41.28

13.55

51.09

33.07

28.14

44.05

4.75

42.42

49.36

50.99

<0.01
0.05
0.04
0.06
0.01
<0.01
<0.01
<0.01

0.25

0.06

0.03

0.06

0.03

0.14

0.01

0.01

<0.01

<0.01

0.05
0.62
0.52
19.14
0.76
0.13
0.13
0.08

0.73

15.91

0.24

1.03

0.58

1.86

1.93

0.42

0.21

0.13

0.11
0.26
0.24
0.03
0.19
0.16
0.13
0.09

0.54

0.18

0.2

0.12

0.54

0.44

0.33

0.03
0.35
0.3
11.51
0.47
0.1
0.09
0.03

0.36

0.32

0.06

0.57

0.34

0.23

1.12

0.19

0.04
0.21
0.17
0.07
0.13
0.2
0.05
0.05

0.68

0.25

0.16

0.58

0.58

0.5

0.16

<0.001
0.002
0.001

<0.001
0.001
0.002
0.001

<0.001

0.038

0.185

0.031

0.034

0.022

0.019

0.019

0.021

0.021

0.016

3.9
3
2.5

3.7
6.2
6.4
5.1

2.1

0.7

4.1

0.14
0.42
0.38
12.19
0.51
0.17
0.19
0.2

0.06
0.02
0.02
0.05
0.03
<0.02
0.02
0.04

<0.02

<0.02

0.04

0.03

0.04

0.02

0.04

<0.02

0.1

2
4.1
3.5
0.5
1.4
3.1
3.3
1.6

32

125.2
281.2
236.7
23.3
241.5
141.7
350.5
158.3

206.4

77.6

43.7

149.8

131.9

128.7

31.8

0.3
1.3
1
0.7
0.6
1.6
4.8
0.8

3.5

6

5.6

3

5.5

¢ Oxide
e Jersey-Emerald

A HB

m Lomond

e Red Bird

¢ Cariboo Zinc

Weight % Zn

—

\/\ :) Nonsulphides (hemimorphite-dominant)

Creek, Dolomite Flats, and Main showings in this study), 3 - Lam (corresponds to the DeBasher showing in
this study), 4 - Comin Throu Bear, 5 - Maybe, 6 - Mt Kimball, 7 - Maeford Lake, 8 - Ace, 9 - Mae,
10 - Cariboo Scheelite.

09-SP-200 Iron oxide gossan 163 531 <0.01 044 0.15 0.016 . . 6.5

and McFeely, 1991; Logan and Colpron, 2006). The Cambrian-Devonian
carbonates host the Zn-Pb sulphide and nonsulphide deposits.

replacement of sulphides by nonsulphide base metal-bearing minerals. The wallrock
replacement deposits were observed only in the Salmo district. They consist mainly
of hemimorphite, smithsonite and hydrozincite, and minor Fe-oxyhydroxides and
carbonates. They contain 31.5-49.8% Zn, 0.13-0.19% Pb and <3% Fe.

C 2000-01
Red Bird, Trench
C 2000-01
Red Bird, Trench
C 2000-02
Cariboo Zinc,
Dolomite Flats
Cariboo Zinc,
Dolomite Flats
Cariboo Zinc,
Main Zone
Cariboo Zinc,
Gunn zone
Cariboo Zinc,
Que zone
Cariboo Zinc,
Que zone
Cariboo Zinc,
Que zone

A . .
Dolomitic limestone; variably altered C_ ) Fe-oxyhydroxides (traces of nonsulphides)

and mineralized along fractures

09-SP-204 5429388 N / 471447 E Nonsulphide-rich dolostone 0.69 2 0.02 26.11 0.09 . . 0.108 . . . 5.6

N o«

09-SP-207 5429335 N / 471450 E Iron oxide gossan 5.09 . 0.01 055 049 0.19 . 0.017 . . . . 4.4

) Mixed ores” (sulphides, nonsulphides,
— ” Fe-oxyhydroxides)

Iron-oxide gossan (xnonsulphides)

09-SP-220B 5853965 N / 641517 E

Mineralized dolostone . 0.08 . 0.05 20.38 0.01 12.1 . 0.001 <2 . . . . 0.3 1.3

metres

09-SP-221 5853951 N / 641596 E Mineralized dolostone . <0.02 . 0.11 1848 0.02 10.78 . 0.018 <2 . . . . . 3 1.1

Zn/Pb (%)

Overburden

and bedrock 8

09-SP-225F 5853400 N/ 641939 E

I:I Granodiorite to quartz monzonite Quartz-Galena bearing vein . 42.97 . 0.05 573 <0.01 321 0.13 0.026 57 . . . . . 26 2.6

Pelitic rocks

- Phyllite (silver-green)

I:I Siltstone (greenish)

Carbonate rocks
I:I Schistose muscovite limestone

Sample

09-SP-231B 5852188 N/ 643413 E Mineralized dolostone 0.8 0.29 0.11 0.03 17.3 <0.01 10.26 <0.01 0.002 <2 . . . 0.2 04

Channel sample
Bedding
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5429240N
0471314S

09-SP-237A 5851520 N/ 644120 E

Nonsulphides 51.03 014 043 003 013 002 0.06 0.04 0.023 3 . 0.18 0.6 . 0.6 . 1.5 0.5

09-SP-242 5851843 N / 643242 E Nonsulphides 4332 094 067 003 232 0.05 1.3 0.19 0111 2 3.2 4.65 0.14 65 1.1 8.3 1.4 0.4

09-SP-243 5851843 N / 643242 E Nonsulphides 1732 148 076 005 825 005 468 076 0.054 <2 1.6 8.45 0.13 59.9 0.4 3.8 34 2.2 2.7

¢ Oxide
e Jersey-Emerald

A HB

m Lomond

e Red Bird

¢ Cariboo Zinc

Abbreviations: ICP-ES, inductively coupled plasma emission spectrometry; ICP-MS, inductively coupled plasma mass spectrometry; ARMS, aqua-regia digestion followed by inductively coupled plasma - mass spectrometry; Total S, total
sulphur; Total C, total carbon.

I:I Well-banded grey and white limestone

|:| Grey massive limestone
I:I Limy dolostone-dolomitic limestone

DeBasher

'Coordinates are given in Universal Transverse Mercator (UTM) projection, North American Datum 1983.

/
0.48/0.12

T ll ,
1.0/0.86 ! ’ 2.4/0.14 I \
23/2.8

4.5/0.2 / 1
0.4/0.35 0.4/0.12

4.91.7

0.4/0.2 1.2/0.85 15.7/3.0

- Cream dolostone (fine-grained, massive)

60 U - r To Barkerville

\ Bedding * Pb-Zn showing
\ Schistosity \\ Fault

\
/ Road Sl Geological contact

A\
Dolomite Flats\

D

A <~ >, Nonsulphides
oo A . o K o7 ~—~ (hemimorphite-dominant)
™ “Mixed ores”(sulphides,

Vertical section ooking NE of Iron-rich gossan, Jersey-Emerald property : ' — 7 nonsulphides, Fe-oxyhydroxides)

Trench B-2000-01, Red Bird prospect. with location of grab sample 08-SP-105. ) i 5 ) ! O
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¢ Oxide

o Jersey-Emerald
A HB

B | omond

® Red Bird

¢ Cariboo Zinc

) Fe-oxyhydroxides
— (traces of nonsulphides)

Weight % Zn

170 171 172 173 174 175 176 178 180 181 182 183-1
Samples

«~ >, Nonsulphides

Ancestral North America: North America shelf
o~ (hemimorphite-dominant)

platform and shelf facies \ ¢ and
platformal facies

Lithogeochemical considerations:

All X-Y and ternary diagrams depict major trends based on
whole rock data. The units are in weight percent.

A) Plot of Zn vs. Pb. B) Plot of Zn vs. Fe. C) Pb-Fe-Zn plot.
D) Pb-P*10-Zn plot.

Grab
samples:

¢ Oxide

o Jersey-Emerald
A HB

® | omond

® Red Bird

¢ Cariboo Zinc

~ 7 “Mixed ores”(sulphides,

Vertical section oriented 0300, Iooking NW, and whole rock | \_/ nonsulphides, Fe-oxyhydroxides)

—

geochemical profiles of trench C-2000-01, Red Bird prospect. ¥ U () Fe-oxyhydroxides

(traces of nonsulphides)

Ancestral North America:
basinal facies

165 ppm Zn
49 ppm Pb
0.7% MgO/CaO

(spl 07-SP-48-1)

Stikine
terrane

Pericratonic terranes :
Cariboo

| : ¢ terrane
Slide Mountain terrane A
‘ Quesnel Lk

" distric

0.4% Zn
0.13% Pb
4.4% Fe [l Overburden Trench C-2000-01 Maeford

- - . Lak
(spl 08-GS-18C) [ ] Dolostone; variably altered and mineralized Red Bird prospect -

Kootenay

 Kooftene Typical composition of massive sulphides in the Salmo

district varies from 3 to 7 wt.% Zn, and 1 to 5 wt.% Pb.
Average composition of grab samples of massive sulphide
collected by the authors is 9.0 wt.% Zn and 2.33 wt.% PD.
Fe-oxyhydroxides field (blue) represents samples affected
by supergene processes that have been depleted in Zn and
some Pb. “Mixed ores” field (yellow) represents samples
consisting of Fe-oxyhydroxides, minor nonsulphides, and
remnants of sulphides; these samples have been slightly
T - Y% { RO SR o &P NN 5 Lo enriched in Zn relative to sulphide protore. Nonsulphides
‘ P 408 RS . RD ; B R ey S field (pink) represents samples enriched in Zn by supergene
yals | S - processes.

Volcanic suites of Stikine metres

I .
Dolomitic 0 500 1000 1500

limestone

Channel [ ] Argillaceous limestone

Carbonate-hosted sulphide spl 08-GS-18A

) - Coarse-grained limestone
Zn-Pb deposits

I Iron-oxide gossan (tnonsulphides)

Carbonate-hosted nonsulphide : : £ Fold axe & plunge Trench

Zn-Pb deposits covered by 36° ) 3.14/3 57
this study 4.5/0.2 Zn/Pb (%)

Trench

Regional geology of the Cariboo Zinc property area, Quesnel Lake area, showing the location of the
205 Sample

- — Canopener, DeBasher, Flipper Creek, Dolomite Flats, Main, Gunn, and Que showings (from Lormand and
Iron-rich gossan at the Lomond deposit with location e 2 Alford, 1990).

of grab samples and channel sample. o |

204 0.67/0.21 20

0 100 200 300

Elevation: 864 m
UTM 11 (NAD 83)
5429388N
0471447S

kilometres

15/0.69

Location of the project areas with respect to other significant carbonate-hosted
sulphide and nonsulphide occurrences in the cordillera, south-central BC
(modified from Nelson et al., 2002, 2006). Abbreviations: CC - Cache Creek,
Q - Quesnel terrane, SRMT - southern Rocky Mountain trench.

Elevation: 855 m
S~ UTM 11 (NAD 83)

5429299N

04713835

Jersey-Emerald samples are oxidized massive sulphides
(no nonsulphides present); they should be considered
separately because of the contact metamorphic overprint
(i.e., remobilization?).

Additional information:

For background information, please consult:
Paradis, S. and Simand|, G.J. (2011): Carbonate-hosted, nonsulphide Zn-Pb (supergene) - Mineral Deposit Profile BO9; in: British Columbia Ministry
of Forests, Mines and Lands, Geological Fieldwork 2010, Paper 2011-1.

Complete list of references is available in:

Paradis, S., Keevil, H., Simandl, G.J., and Raudsepp, M. (2011): Geology and mineralogy of Carbonate-hosted nonsulphide Zn-Pb mineralization in
southern (NTS 082F/03) and Central British Columbia (NTS 093A/14E, 15W); in: Geoscience BC Summary of Activities, Geoscience BC Report 2011-1.

Suggested reference:

Paradis, S., Simand|, G.J., Keevil, H., and Raudsepp, M. (2011):
Geology and geochemistry of carbonate-hosted nonsulphide
Zn-Pb mineralization in southern and central British Columbia;
British Columbia Ministry of Forests, Mines, and Lands;

Geofile 2011-4, poster.
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Hemimorphite-rich sample (08-SP-88B)
from the Oxide deposit.

199 198 197 195
Samples

193192 187B 186 =R LB p
191190 = B

Large angular nonsulphide-bearing blocks
(samples 09-SP-242 and 09-SP-243),
Que showing, Cariboo Zinc property.

= 54 | i

Hemimorphite-rich material at the Oxide
deposit.

Vertical section oriented 316°, looking NE, and whole rock

. . _ sulphides in dolostone, Gunn showing,
geochemical profiles of trench B-2000-01, Red Bird prospect.

Cariboo Zinc property.
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