Geological Survey of Canada

CURRENT RESEARCH
2007-A10

Carbonate-hosted Zn-Pb deposits in
southern British Columbia — potential for
Irish-type deposits

S. Paradis

2007

L
O
o
<L
LLI
2
LLI
o
-
<
LLI
o
o
-
O

I *I l(\l)gLu;gLResources ggﬁzcal;rces naturelles Canad'é'i




©Her Majesty the Queen in Right of Canada 2007

ISSN 1701-4387
Catalogue No. M44-2007/A10E-PDF
ISBN 978-0-662-46407-5

A copy of this publication is also available for reference in depository
libraries across Canada through access to the Depository Services Program's
Web site at http://dsp-psd.pwgsc.gc.ca

A free digital download of this publication is available from GeoPub:
http://geopub.nrcan.gc.ca/index_e.php

Toll-free (Canada and U.S.A.): 1-888-252-4301

Critical reviewer
Bob Anderson

Author

S. Paradis
suparadi@nrcan.gc.ca
Geological Survey of Canada
9860 West Saanich Road
Sidney, British Columbia
VSL 4B2

Publication approved by GSC Pacific

Correction date:

All requests for permission to reproduce this work, in whole or in part, for
purposes of commercial use, resale, or redistribution shall be addressed to:
Data Dissemination Division, Room 290C, 601 Booth Street, Ottawa, Ontario
K1A 0OES.
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southern British Columbia — potential for
Irish-type deposits
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Abstract: Carbonate-hosted Zn-Pb deposits of the Kootenay Arc are hosted by deformed Lower
Cambrian, platformal carbonate rocks of the Badshot Formation or its equivalent, the Reeves member of the
Laib Formation. The deposits range in size from 6 to 10 Mt and contain 3 to 4% Zn, 1 to 2% Pb, 0.4% Cd, and
traces of Ag. They are essentially stratabound and stratiform lenticular concentrations of sulphide minerals
(sphalerite, galena, pyrite, local pyrrhotite, and rare arsenopyrite) in isoclinally folded dolomitized or silici-
fied carbonate rocks. The origin of these deposits is enigmatic. Some are analogous in their geological set-
ting and features to the Irish-type carbonate-hosted Zn-Pb deposits.

Résumé : Les gisements zinco-plombiféres de 1’arc de Kootenay sont encaissés dans des roches
carbonatées déformées de plate-forme. Ces roches du Cambrien inférieur font partie de la Formation de
Badshot ou de son équivalent, le membre de Reeves de la Formation de Laib. La taille des gisements varie de
6 a 10 millions de tonnes et ils contiennent de 3 a4 % de zinc, de 1 a2 % de plomb, 0,4 % de cadmium et des
traces d’argent. Il s’agit essentiellement de concentrations lenticulaires stratoides et stratiformes de sulfures
(sphalérite, galene, pyrite, localement pyrrhotite et rarement arsénopyrite) dans des roches carbonatées
dolomitisées ou silicifiées qui sont déformées en plis isoclinaux. Leur origine est énigmatique. Certains des
gisements ont un contexte géologique et des caractéristiques analogues a ceux des gisements zinco-
plombiferes encaissés dans des roches carbonatées de type irlandais.
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INTRODUCTION

Carbonate-hosted Zn-Pb deposits of the Kootenay Arc in
British Columbia, Canada (Fig. 1) are commonly referred to
as “Kootenay Arc—type deposits” (Hoy, 1982; Nelson, 1991).
They are hosted in miogeoclinal carbonate rocks of the Lower
Cambrian Badshot Formation and Reeves member of the
Laib Formation. The major carbonate-hosted deposits of the
Kootenay Arc are listed in Table 1.

Several deposits are past-producers (e.g., Reeves MacDonald,
Jersey, HB, Bluebell) and others have seen intensive explora-
tion work (e.g., Duncan, Wigwam). None are presently in
production. The largest deposits range in size from 6 to 10
million tonnes (Mt) and contained 3 to 4% Zn, 1 to 2% Pb,
0.4% Cd, and traces Ag (Hoy, 1982; Hoy and Brown 2000).

The origins of these deposits are enigmatic because of the
intense deformation that has modified most of their original
features. However, several of the less-deformed deposits
share a number of syngenetic-diagenetic characteristics with
Irish-type carbonate-hosted Zn-Pb deposits. The objectives
of this paper are to report on preliminary field observations
and review the extensive literature descriptions by Fyles and
Hewlett (1959), Muraro (1962), Fyles (1964, 1970), (Hoy
1982), and Legun (2000) of the deposits.

REGIONAL GEOLOGIC SETTING

The Kootenay Arc in the southeastern Canadian Cordillera
refers to an arcuate geomorphic feature defined by a curving
belt of complexly deformed rocks extending at least 400 km
from near Revelstoke in the northern part of the Arc to the
southwest across the Canadian-U.S.A boundary (Fyles, 1964).
The Kootenay Arc lies between the Purcell Anticlinorium in
the Purcell Mountains on the east, and the Monashee meta-
morphic complex on the west (Fig. 1). The Arc consists of a
thick succession of thrust-imbricated Proterozoic to lower
Mesozoic miogeoclinal to basinal strata of sedimentary and
volcanic protoliths (Brown et al., 1981). Colpron and Price,
(1995) outlined a regionally consistent stratigraphic succession
along the Kootenay Arc that is summarized below (Fig. 2).

The lower part of the stratigraphic section along the
Kootenay Arc is composed of Eocambrian siliciclastic and
carbonate rocks of the Hamill Group and Mohican Formation.
The rocks are overlain by the Lower Cambrian Archaeo-
cyathid-bearing carbonate rocks of the Badshot Formation
and its equivalent, the Reeves member of the Laib Formation
(Fyles and Eastwood, 1962; Fyles, 1964; Read and Wheeler,
1976), which host many Zn-Pb sulphide deposits. The
Badshot Formation is characterized by cliff-forming, white to
medium grey, commonly laminated marble or dolomitic mar-
ble. Locally, grey calcareous schist is interlayered with the
carbonate rocks. In the southern part of the Kootenay Arc, the
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carbonate rocks are overlain with apparent conformity by the
lower Paleozoic siliciclastic, basinal shale and mafic volcanic
rocks of the Lardeau Group (Colpron and Price, 1995).

Three phases of folding are recognized within the
Kootenay Arc. Large amplitude (10 km-scale) west-verging
recumbent folds were deformed by two phases of upright,
tight to isoclinal folds, under conditions of lower-greenschist-
to amphibolite-facies metamorphism (Fyles, 1964; Warren
and Price, 1993). This polyphase deformation has produced a
pervasive transposition of bedding that locally obscures the
stratigraphic relationships (Colpron and Price, 1995).

SULPHIDE DEPOSITS

The carbonate-hosted Zn-Pb deposits are distributed along
the entirety of the Kootenay Arc, and define the Salmo and
Duncan camps. The Bluebell deposit, a fracture-controlled
replacement deposit (Ransom, 1977; Hoy, 1980, 1982), is
located between the Salmo and Duncan camps, and smaller
deposits occur in the northern part of the Kootenay Arc (Fig.
1). Dolomitized, brecciated, and silicified carbonate rocks
host all the Zn-Pb deposits. The dolomite is medium to dark
grey, fine grained, poorly layered and texturally different
from the barren, generally well layered limestone. Dolomite
forms an envelope that completely or partially surrounds the
sulphide mineralization.

The deposits are stratiform and stratabound. They consist
of disseminated to massive sulphide aggregates which form
lenses, irregular and planar layers, and laminae in dolomite or
silicified carbonate rocks. The deposits are irregular in out-
line with the sulphide minerals following bedding or foliation
planes within the host carbonate rocks. The sulphide laminae
and the host carbonate rocks are deformed into mesoscopic
folds that mimic the large-scale regional structures, and are
commonly elongated parallel to the regional structural grain.

The main sulphide minerals are sphalerite, galena, and
pyrite. Pyrrhotite and traces of arsenopyrite are observed in
some deposits. The dominant gangue is dolomite, calcite, and
rarely quartz. Sulphide mineralization appears to have
formed primarily by replacement of the host carbonate rocks,
with minor open-space filling of breccia zones, fractures, and
vugs. Common sulphide textures are fine- to medium-
grained disseminations, layered encrustations, crystalline
galena and sphalerite, and colloform sphalerite.

A brief description of the Salmo and Duncan camps is
given below. It is based on recent field investigations by the
author and descriptions of Fyles and Hewlett (1959), Fyles
(1964, 1970), Hoy (1982), and Legun (2000).
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Salmo camp

The Salmo camp, or the Mine Belt of Fyles and Hewlett
(1959), comprises the Reeves MacDonald, Jersey, and HB
mines. Production from these deposits is listed in Table 1.
They are hosted in fine-grained, poorly layered or massive
dolomite of the Reeves member, which is texturally different
from the barren, generally medium-grained, well banded
grey-and-white or black-and-white limestone of the Reeves
member. The mineralized dolomite is dark grey, poorly lay-
ered, and mottled with black flecks, wisps, and bands out-
lined by concentration of carbon (Fyles, 1970). This dolomite
generally hosts the sulphide deposits.

The deposits, their enveloping dolomite and the limestone
host rock are folded. They lie within secondary isoclinal folds
along the limbs of anticlinal structures. They are stratiform,
tabular, and lenticular disseminations of pyrite, sphalerite,
and galena in dolomitized zones. Brecciated zones are com-
mon within the more massive sulphide mineralization. They
consist of limestone and dolomite fragments cemented by
sulphide minerals (Fyles and Hewlett, 1959; Legun, 2000).

The dolomitization was controlled by the Reeves syncline
and that sulphide mineralization followed the same structure
in the dolomite (Hoy and Brown, 2000). The upper portions
of several deposits are deeply oxidized and consist of exten-
sive zinc-enriched iron oxide gossans, which overlie the sul-
phide deposits.

Duncan camp

The Duncan camp consists of several complexly deformed
and faulted sulphide bodies, which occur in a thick section of
dolomite or silicified carbonate rocks of the Badshot Forma-
tion. Hoy (1982) interpreted the Badshot carbonate rocks in
this area as an “‘extensively brecciated and locally dolomitized,
bank margin facies developed on a shoal complex”. The
dolomite is either massive or it displays the same textures as
dolomitic envelopes enclosing the sulphide deposits in the
Salmo camp.

About 20 mineralized zones occur on the hinge of a
phase-two fold, which is on the east limb of the phase-one
Duncan anticline (Hoy, 1982). None of the deposits has been
mined; however, one of the mineralized zones has reserves of
9 Mt grading 2.7% Pb and 2.9% Zn (Muraro, 1962).

Mineralization consists mainly of fine-grained pyrite and
subordinate sphalerite, galena, and pyrrhotite concentrated in
layers of the dolomite and silicified carbonate rocks. The
sulphide bodies are vertical lenses and sheets of sulphide
minerals with generally well-defined, but locally gradational,
margins. The structural orientation of the sulphide bodies is
essentially parallel to that of the enclosing formations, i.e.,
the largest dimension is parallel to the strike and the interme-
diate dimension is parallel to the dip (Fyles, 1964).

Current Research 2007-A10

ORIGIN OF THE KOOTENAY
DEPOSITS AND POTENTIAL FOR
IRISH-TYPE DEPOSITS

The origin of the deposits is enigmatic. Fyles and Hewlett
(1959) interpreted the deposits as replacement zones con-
trolled by phase-two folds and locally by faults and breccia
zones associated with them. Sangster (1970) and Addie (1970)
believed these deposits are syngenetic, formed by sulphide
accumulation in small basins within a deep-water carbonate
platform. Muraro (1962) suggested that these deposits formed
by pre-metamorphic, pre-tectonic hydrothermal replacement
of the host rock controlled by stratigraphy. Hoy (1982) sug-
gested a syngenetic-diagenetic origin, with sulphide minerals
accumulating simultaneously with shallow-water carbonate
rocks, and local accumulation of sulphide minerals in cavities
or breccia zones of the lithified Reeves or Badshot carbonate
rocks.

All of the authors agree that the genesis of these deposits
is difficult to ascertain because of the intense deformation
that has modified most of the original features. Preliminary
investigation of the Salmo and Duncan deposits by the author
of this report suggests that these deposits share many geological
characteristics with the classic Irish-type carbonate-hosted
massive-sulphide deposits. Some of these characteristics are
1) stratabound nature, i.e., sulphide minerals in dolomitized
or silicified carbonate rocks; 2) simple mineralogy, i.e.,
sphalerite, galena, and iron oxides; 3) occurrence along or
immediately adjacent to faults that may have formed conduits for
upward-migrating hydrothermal fluids; 4) layered appear-
ance of the sulphide minerals; and 5) a range of complex tex-
tures ranging from replacement of host carbonate rocks by
sulphide minerals to local open-space fillings.

FUTURE WORK

The objectives of the 2007 and 2008 fieldwork seasons
will be to 1) visit and sample the main carbonate-hosted
Zn-Pb deposits of the Kootenay Arc; 2) map selected mineral
occurrences; 3) compare the observed mineralization and
host rocks to those reported in the published British Columbia
Geological Survey’s reports, maps, and assessment files and
the Geological Survey of Canada’s maps and geological
reports; 4) select non-mineralized and mineralized carbonate
and sulphide samples for geochemical and isotopic analyses
(i.e., O, C, Sr, S, Pb, Sm, Nd); and 5) select sulphide samples
for geochronological analyses by Re-Os method, which may
provide timing on the mineralizing event(s).

The results will lead to the development of vectors and
key exploration criteria that identify and refine favourable
lithologies and/or stratigraphic units for base-metal carbon-
ate-hosted sulphide deposits in the Kootenay Arc, and to
improve the deposit models for these deposits.
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