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Abstract: Mineralized and non-mineralized coarse-crystalline dolomite (CCD) and saddle dolomite (SD) in Devonian
carbonate rocks of the northern Rocky Mountains and the Western Canada Sedimentary Basin are compared in terms of
fluid inclusion microthermometry and stable and radiogenic isotopic characterization. Samples from the Western Canada
Sedimentary Basin are divided into four areas: eastern Presqu’ile barrier, western Presqu’ile barrier, McDonald–Hay
River Fault system, and the Peace River Arch.

Isotopic trends point to easterly formation-fluid flow paths from the Rocky Mountains to the western continental plat-
form, and a key role for the northeast-trending structures in the circulation and focusing of hydrothermal and mineralizing
fluids.

Two distinct lead isotopic populations exist in sulphides from the carbonate-hosted Zn-Pb occurrences of the northern
Canadian Rocky Mountains, Mackenzie Mountains, and Western Canada Sedimentary Basin, suggesting that two sepa-
rate fluid sources/pathways existed in the Western Canada Sedimentary Basin.

Résumé : Nous avons comparé la dolomite en gros cristaux et la dolomite en forme de selle, minéralisées et non
minéralisées, contenues dans des roches carbonatées dévoniennes des Rocheuses septentrionales et du Bassin
sédimentaire de l’Ouest du Canada, par microthermométrie des inclusions fluides et par caractérisation des isotopes sta-
bles et radiogéniques. Les échantillons en provenance du Bassin sédimentaire de l’Ouest du Canada ont été divisés selon
quatre zones : la partie est de la barrière de Presqu’ile, la partie ouest de la barrière de Presqu’ile, le réseau de failles de
McDonald-Hay River et l’arche de Peace River.

La distribution des isotopes donne a penser que les trajets d’écoulement des fluides de formation étaient vers l’est, soit
depuis les Rocheuses vers la plate-forme continentale occidentale, et que les structures orientées nord-est ont joué un rôle
déterminant pour la circulation et la convergence des fluides hydrothermaux et minéralisateurs.

Il existe deux populations distinctes d’isotopes du plomb dans des sulfures provenant d’indices de zinc-plomb
encaissés dans des roches carbonatées dans le nord des Rocheuses canadiennes, dans les monts Mackenzie et dans le
Bassin sédimentaire de l’Ouest du Canada, ce qui porte à croire que deux sources ou voies distinctes pour les fluides
existaient dans le Bassin sédimentaire de l’Ouest du Canada.
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INTRODUCTION

Paleozoic sedimentary rocks of the Canadian Rocky
Mountains and the Western Canada Sedimentary Basin
(WCSB) host a number of stratabound and stratiform
Zn-Pb deposits (Fig. 1). In the northern Rocky Mountains,
the deposits form a series of belts including the Devonian-
Mississippian (and older) sedimentary exhalative (SEDEX)
deposits of the Kechika Trough and Selwyn Basin, and
the Mississippi Valley-type (MVT) deposits in Silu-
rian–Devonian platform dolomite of the outcropping
carbonate front (Thompson, 1989). Below the upper
Paleozoic–Mesozoic cover, the carbonate front extends
eastward as the Presqu’ile barrier, which hosts the Pine Point
MVT Zn-Pb deposits in the Northwest Territories (NWT).
Scattered galena and sphalerite are associated with coarse-
crystalline dolomite (CCD) and saddle dolomite (SD) in
Devonian carbonate of the WCSB both within and external to
the Presqu’ile barrier, and in the Manetoe facies in the south-
ern Mackenzie Mountains.

The development of CCD and SD is widespread in
subsurface- and outcrop-carbonate rocks of the Rocky and
Mackenzie Mountains and the WCSB, whereas Zn-Pb sul-
phide mineralization is sporadic. The distribution of Zn and
Pb sulphide deposits in these regions is the product of
regional or subcontinental-scale paleohydrological processes
that have been traditionally explained by two models: 1) fluid
circulation related to the Late Devonian–Early Mississippian
Antler orogeny (Nesbitt and Muehlenbachs, 1994; Amthor
et al., 1993; Mountjoy et al., 1999), and 2) fluid circulation
related to the Cretaceous–Tertiary Laramide orogeny
(Garven, 1985; Qing and Mountjoy, 1992, 1994, 1995; Adams
et al., 2000). A third model was recently introduced by
Paradis and Nelson (2000) and Nelson et al. (2002), involv-
ing deep convective circulation of hydrothermal fluids
during Devonian–Mississippian time on the western margin
of North America, in relation to regional extension caused by
slab rollback, and generation of back-arc and intra-arc
spreading and exhalative activity. They suggested that MVT
carbonate-hosted Zn-Pb deposits and hydrothermal dolomite
in the Rocky Mountains and the WCSB are related to these
events, with fluids driven along reactivated back-arc faults
and permeable strata.

This contribution builds on the previous work of Paradis
and Nelson (2000) and Nelson et al. (2002),who suggested
that MVT carbonate-hosted Zn-Pb mineralization and hydro-
thermal dolomite in the northern Rocky Mountains and the
WCSB, both within and external to the Presqu’ile barrier, are
Devonian–Mississippian in age and genetically related. We
first address the question of whether the mineralized and
nonmineralized CCD and SD of these regions have the same
isotopic signatures, and verify the existence of spatial isoto-
pic trends. We then discuss the results in terms of fluid flow
and mineralizing systems.

METHODOLOGY

Sampling and classification

Mineralized samples were collected for isotopic and fluid
inclusion (also see Turner, 2006) analyses from drill-cored
intervals of subsurface Devonian carbonate rocks of the
Manetoe facies in the Mackenzie Mountains, the WCSB,
both within and external to the Presqu’ile barrier, and from
outcrops in the Rocky Mountains (Fig. 1). Along the eastern
Presqu’ile barrier, samples were collected west of the Pine
Point deposits, that is, within the Great Slave Reef (Fig. 2, 3),
Hay West (Fig. 2, 4), Windy Point (Fig. 2), and Qito (Fig. 2)
mineral properties. Samples previously collected (Nelson et
al., 2002) from the western Presqu’ile barrier and the Robb
Lake deposit in the Rocky Mountains were included for
comparison.

We refer to the eastern Presqu’ile barrier as encompassing
the Pine Point, Great Slave Reef, Hay West, Windy Point, and
Qito mineral properties (see location on Fig. 1), and situated
between the longitudes of 114 and 117°W. The western
Presqu’ile barrier is situated west of 117°W and its western
boundary is defined by the Cordilleran deformation front (see
location on Fig. 1).

Examination of the samples was done by petrographic
microscopy and cathodoluminescence microscopy (CL)
using a Technosyn cold cathodoluminescence unit at a 15–17
kV beam voltage and 0.7–0.8 mA beam current. Carbonate
samples were classified by mineralogy and crystal size fol-
lowing Qing (1991), Qing and Mountjoy (1994) and Turner
(2006) terminology. The dolomite samples were divided into
fine-crystalline dolomite (FCD), medium-crystalline dolo-
mite (MCD), coarse-crystalline dolomite (CCD), and saddle
dolomite (SD). The CCD and SD are the focus of this study.
They show close spatial and temporal relationships with
MVT Zn–Pb mineralization in the Rocky Mountains and the
WCSB, although the CCD and SD are more widespread in the
subsurface and outcrop than sulphide mineralization (Machel
and Mountjoy, 1986; Leach and Sangster, 1993). The CCD
and SD are also known as the “Presqu’ile dolomite” (Norris,
1965; Skall, 1975; Kyle 1981; Krebs and Macqueen, 1984;
Rhodes et al., 1984; Qing, 1991; Qing and Mountjoy, 1994)
or hydrothermal dolomite (Qing, 1991; Qing and Mountjoy,
1994; Davies, 1997; Morrow, 1998; Adams et al., 2000;
Al-Aasm, 2003).

Fluid inclusion microthermometry

Fluid inclusion microthermometric analyses were per-
formed on doubly polished thin sections using a Linkam
THMSG 600 heating and freezing stage attached to a CI 93
programmer and LNP cooling pump at the University of
Alberta and Geological Survey of Canada. Calibration of the
analytical equipment was carried out using synthetic fluid
inclusion standards manufactured by Syn Flinc. Accuracy
was determined to within ±0.2°C for freezing runs and ±2°C
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Figure 1. Location of western Canadian carbonate-hosted Zn-Pb deposits, subsurface carbonate-hosted sphalerite and galena
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for heating runs up to 300°C. Salinities were calculated from
final ice melting temperatures using the equation of Bodnar
and Vityk (1994) and are reported as wt.% NaCl equiv. Com-
positions of saline, CaCl2-rich fluids were estimated graphi-
cally using the NaCl-CaCl2-H2O ternary phase diagrams of
Oakes et al. (1990, 1992). Fluid inclusion assemblages
(FIAs) were made on primary two-phase aqueous (liqui-
d+vapour) inclusions.

Carbon, oxygen, and strontium isotopes

Carbon and oxygen isotope analyses were completed on
50 samples of CCD and SD at the Isotope Science Laboratory
in the Department of Physics and Astronomy at the Univer-
sity of Calgary. Samples were drilled and hand picked from
rock slabs using 100 µm-diameter drill bits. Carbon and oxy-
gen isotopic compositions were determined on 10 to 20 mg of

powdered sample by analysis of CO2 generated by reaction
with 3 ml of 100% phosphoric acid (McCrea, 1950). Diges-
tion was done at 25°C. All dolomite samples were subjected
to a two-stage procedure whereby CO2 from any possible cal-
cite was produced after the first 3 to 5 hours of reaction and
then frozen in a breakseal vessel. After 72 hours, the remain-
ing CO2 from dolomite was sealed in a second breakseal ves-
sel. Only the results from the 2nd stage of the analysis are
reported for dolomite. The evolved CO2 gas was analyzed for
18O/16O and 13C/12C using a VG 903 dual inlet isotope mass
spectrometer. Results are reported in conventional per mil
notation (‰) relative to PDB (Peedee belemnite), and cor-
rected for 17O as described in Craig (1957). No correction for
acid fractionation was made for dolomite (Friedman and
O’Neil, 1977). Precision, based on replication of interna-
tional and internal standards, is ±0.2 ‰ and ±0.3 ‰ for C and
O, respectively.
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Strontium analyses were carried out on 37 samples of
dolomite at the Radiogenic Isotope Facility at the University
of Alberta. The same samples were also analyzed for O and C
isotopes (except for C-421175). One hundred mg of dolomite
sample powders were weighed out in Teflon screw-cap vials
and dissolved in dilute, cold (approx. 0.75N) HCl. This was
done to minimize any Sr release from potential contaminant
silicate phases, such as clays. After centrifugation, Sr was
separated by conventional cation exchange chromatography,
and the isotopic composition determined by Thermal Ioniza-
tion Mass Spectrometry (TIMS). Isotope ratios were normal-
ized to 86Sr/88Sr = 0.11940 to correct for fractionation and are
presented relative to a value of 0.710245 for the NIST Stand-
ard Reference Material SRM987 Sr isotope standard. Uncer-
tainty in 87Sr/86Sr is expressed as ±2 sigma of the mean,
equivalent to two standard errors (2SE).

Lead isotopes

Lead isotopic analyses were performed on clean cubes of
galena and grains of sphalerite at the Radiogenic Isotope
Facility of the University of Alberta. Those reported in
Nelson et al. (2002) were done at the University of British
Columbia Pacific Centre for Isotopic and Geochemical
Research. Galena samples were dissolved in dilute (approx.
2N) HCl at approximately 50°C, and subsequently treated
with 4N HCl to remove Fe and Zn impurities. Sphalerite sam-
ples were dissolved in hot 6N HCl and converted to bromides
with the addition of HBr. Pb was separated by conventional
anion exchange chromatography. The isotopic composition
of Pb was determined by Thermal Ionization Mass Spectrom-
etry (TIMS). All data were corrected for instrumental frac-
tionation empirically using the Pb isotope standard SRM981
run under identical experimental conditions. At 1sigma error
level, long-term reproducibility of the measured isotopic
ratios is 0.024% for 206Pb/204Pb, 0.036% for 207Pb/204Pb,
and 0.044% for 208Pb/204Pb.

GEOLOGICAL SETTING

Figure 1 illustrates the Devonian–Mississippian tectonic
and metallogenic framework of the northern Canadian
Cordillera and the WCSB, and the location of the samples
analyzed in this study. The stratigraphy of the Paleozoic
rocks of the WCSB to the south and west of Great Slave Lake
has been documented in detail by several authors (see below)
and therefore only a brief review is provided here. The
Paleozoic stratigraphy of the northern Canadian Cordillera is
discussed in Thompson (1989) and Ferri et al. (1999).

Throughout most of the WCSB, Paleozoic strata are
deeply buried below the Mesozoic and Tertiary cover, and are
only known from petroleum wells and seismic surveys. The
WCSB consists of relatively undisturbed Middle Proterozoic
to Lower Tertiary sedimentary successions that thicken to the
west toward the Cordillera and thin to the east to an erosional

edge against the Precambrian rocks of the Canadian Shield
(Douglas et al., 1970). To the west, within the Cordilleran-
deformed belt, Silurian to Middle Devonian shelf strata are
exposed in the northern Rocky Mountains of British
Columbia (BC) and in the Mackenzie Mountains of eastern
Yukon and western NWT. In the northern Rocky Mountains,
these strata host a series of MVT Zn-Pb deposits, most nota-
bly the Robb Lake deposit (Fig. 1). The Devonian carbonate
front in the Rocky Mountains extends eastward to become the
Presqu’ile barrier in the WCSB, a Middle Devonian carbon-
ate reef complex, which hosts the Pine Point MVT Zn-Pb
deposits (Fig. 1). The Presqu’ile barrier dips shallowly to the
west, extends to the southwest for approximately 400 km, and
varies between 20 and 90 km in width (Qing and Mountjoy,
1994). During the Middle Devonian, the barrier formed a
bathymetric high, which restricted seawater movement,
allowing shale and carbonate deposits of the Mackenzie
Basin to develop north of the barrier and evaporite and car-
bonate to precipitate in the Elk Point Basin to the south. The
Presqu’ile barrier, which consists of various carbonate reef
facies of the Pine Point and Sulphur Point formations, devel-
oped on the shallow-water platform dolostone of the Keg
River Formation. Shale, argillaceous limestone/dolostone,
and anhydrite of the Watt Mountain and Slave Point forma-
tions overlie the barrier and its equivalents. A regional uncon-
formity, the sub-Watt Mountain, separates the Pine Point and
Sulphur Point formations of the barrier from the overlying
Watt Mountain and Slave Point formations.

Zinc-lead mineralization at the Pine Point mine site
(Fig. 2) is confined to three large dissolution channelways
(North, Main, and South trends) that formed in specific car-
bonate facies along the strike of the Presqu’ile barrier (Kyle,
1981; Rhodes et al., 1984). Westmin Resources Limited
extrapolated the Main Trend to the west of Buffalo River and
discovered seven additional orebodies within the Great Slave
Reef property (Randall et al., 1986; Turner et al., 2002; Fig. 2,
3), bringing the total number of known sulphide deposits in
the Pine Point district to 100. In the late 1970s and early
1980s, Pine Point Mines Limited carried out exploration to
the west of Hay River (Hay West property; Fig. 2, 4) and to
the northwest of Great Slave Lake (Windy Point and Qito
properties; Fig. 2). Zones of CCD and SD were identified
within the Hay West, Windy Point, and Qito properties, but
only sporadic pockets of sulphide mineralization were inter-
sected in drill cores.

The Pine Point MVT Zn-Pb deposits are situated along the
north side of the McDonald–Hay River Fault (Fig. 1), which
forms the buried southwestern extension of the Great Slave
Shear Zone, a dextral transcurrent fault within the crystalline
Precambrian basement. The fault can be traced under the
WCSB to the edge of the Cordilleran-deformed belt by its
strong expression on aeromagnetic maps (Hoffman, 1987;
Ross et al., 1991). South of the McDonald–Hay River Fault,
the Peace River Arch (Fig. 1) was a stable, major east-north-
east-trending basement structure prior to the deposition of the
Middle Devonian carbonate in the WCSB.
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In the northern Rocky Mountains, the Kechika Trough
is an intracontinental basin situated immediately west of
the exposed carbonate MVT belt. It is characterized by
Lower Cambrian to Mississippian deep-water sediment
(McClay et al., 1989) that hosts Late Devonian SEDEX
Zn-Pb-barite deposits (Fig. 1; Paradis et al., 1998). The
Selwyn Basin in the Yukon is analogous to the Kechika
Trough, also containing SEDEX deposits of Cambrian
through to Early Mississippian age. West of Kechika Trough
and Selwyn Basin lie the Cassiar and McEvoy platforms,
which are composed of shelf and shelf-slope sedimentary
facies that were deposited oceanward of ancestral North
America. The westernmost tectonic elements of the Canadian
Cordillera are the allochthonous and para-autochthonous
pericratonic terranes, which made up the active margin of
North America in mid to late Paleozoic time. The pericratonic
terranes contain widespread Devonian–Mississippian arc
and arc-rift volcanic and plutonic suites with accompany-
ing volcanic-hosted massive sulphide (VHMS) deposits
(Nelson et al., 2002). Overall, these features depict the active
continental margin of ancestral North America during
Devonian–Mississippian time.

PETROGRAPHY AND PARAGENESIS

The petrographic characteristics and paragenesis of the
various diagenetic features and sulphide deposits in the
Presqu’ile barrier and the WCSB have been documented by
many authors including Fritz and Jackson (1972), Skall
(1975), Kyle (1977, 1981), Krebs and Macqueen (1984),
Rhodes et al. (1984), Qing (1991), Qing and Mountjoy
(1994), and Coniglio et al. (2006). Four types of dolomite
have been recognized in our study. From oldest to youn-
gest they are fine-crystalline dolomite (FCD), medium-
crystalline dolomite (MCD), coarse-crystalline dolomite
(CCD), and saddle dolomite (SD). This textural and crystal
size classification follows that of Qing (1991), Qing and
Mountjoy (1994), and Turner (2006). A generalized para-
genetic sequence is summarized in Figure 5. It is divided into
pre-, main-, and late-stage mineralization, with the main-
stage corresponding to precipitation of sulphide minerals.

The pre-mineralization stage consists of widespread
dolomitization of limestone to a FCD. This is followed by for-
mation of the MCD, and then the CCD and SD, which are the
typical dolomites associated with sulphide minerals. The
CCD and SD are generally referred to as the “Presqu’ile dolo-
mite” (e.g. Norris, 1965; Skall, 1975; Kyle 1981; Krebs and
Macqueen, 1984; Rhodes et al., 1984; Qing, 1991; Qing and
Mountjoy, 1994) or hydrothermal dolomite (e.g. Qing, 1991;
Qing and Mountjoy, 1994; Davies, 1997; Morrow, 1998;
Adams et al., 2000; Al-Aasm, 2003). These dolomite types
are mostly fabric destructive and precipitated slightly before
or contemporaneously with sulphide minerals. Krebs and
Macqueen (1984) observed that SD predates, is synchronous

with, or postdates sulphide mineralization. Qing and Mount-
joy (1994) noted that CCD and SD are contemporaneous with
sulphide mineralization in the Presqu’ile barrier.

In our study, CCD consists of subhedral to anhedral white
to light brown dolomite crystals ranging from approximately
500 µm to 2 mm. Under CL, CCD has dull to weak red lumi-
nescence with bright red specks. It occurs as replacement of
the FCD and MCD, and as fracture- and vug-filling cement.
SD is characterized by large white crystals (approx. 500 µm
to 5 mm) that have curved faces and undulatory extinction.
SD displays turbid inclusion-rich crystal cores with clear,
inclusion-poor rims. Under CL, inclusion-rich crystal cores
have a “blotchy” luminescence that appears as a mixture
of irregular domains of bright red and dull or weak red
luminescence. SD occurs primarily as fracture-, vug-, and
breccia-filling cement.

Sulphide minerals associated with the main-mineral-
ization stage at the mineral properties within the eastern
Presqu’ile barrier consist of sphalerite, galena, marcasite, and
pyrite. Sulphide precipitation generally begins with pyrite
and marcasite and ends with sphalerite and galena. Sulphide
textures are mostly related to open-space filling of breccias,
fractures, and vugs. The sulphides are disseminated, massive,
and banded. Disseminated sulphides occur as fine to coarse
crystals of sphalerite and galena overlain by, or intergrown
with CCD and SD. Coarse sphalerite crystals occasionally
coat the tops of fragments or line the bottoms of cavities
forming a texture known as “snow on roof” (Leach and
Sangster, 1993; Sangster, 1995). Sphalerite also forms mas-
sive aggregates of coarse-grained colloform and botryoidal
crystals and laminae of fine-grained crystals. Galena occurs
as medium- to coarse-grained euhedral crystals and aggre-
gates embedded with sphalerite. Skeletal galena inclusions in
sphalerite are occasionally observed.
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Fine-crystalline dolomite
Medium-crystalline

dolomite
Stylolites
Dissolution
Coarse-crystalline

dolomite
Saddle dolomite
Sulphides
Bladed anhydrite
Fracture-filling calcite

and coarse-grained
calcite cement

Celestite
Fluorite
Sulphur
Bitumen

DIAGENETIC
PHASE/PROCESS PRE-STAGE MAIN-STAGE LATE-STAGE

TIME

MINERALIZATION

Figure 5. Generalized paragenetic sequence of the
Presqu’ile barrier samples examined in this study. Modified
from Kyle (1981), Krebs and Macqueen (1984), and Qing
and Mountjoy (1994).



Following the main mineralization stage, further fractur-
ing, dissolution, and saddle dolomite cement precipitation
occurred. The latest mineral phases to precipitate are bladed
anhydrite, coarse-crystalline calcite cement, celestite, fluo-
rite, native sulphur, and bitumen (e.g. Kyle, 1981).

FLUID INCLUSIONS

Fluid inclusion studies have previously been completed
on SD from the eastern and western Presqu’ile barrier (i.e.
Roedder, 1968; Qing, 1991; Qing and Mountjoy, 1994;
Turner, 2006), and on sphalerite from the Great Slave Reef,
Windy Point, and Pine Point properties (i.e. Roedder, 1968;
Kyle, 1981; Turner, 2006). Results of the fluid inclusion
microthermometry done on a few dolomite and sphalerite
samples from the Great Slave Reef property and the Slavey
Creek area along the McDonald-Hay River Fault are reported
here.

Fluid inclusions in sphalerite and SD are typically �10
µm in size and are aqueous two-phase inclusions at room
temperature (Fig. 6a, b). In the Great Slave Reef property
(e.g. samples C-421014 and C-421039; Fig. 6a, c), sphalerite
contains primary inclusions in the grain cores that have ThL
(homogenization temperature to liquid phase) values of 70°
to 95°C, and SD has inclusions that have ThL values of 75 to
145°C (17/20 analyses = 90–125°C). Ice melting tempera-
tures (Tmice) indicate high salinity (29–34 wt.% NaCl
equiv.) NaCl-CaCl2 fluids. ThL values of 105 to 125°C were
recorded in sphalerite from the Slavey Creek area (e.g. sam-
ple C-406241; Fig. 6b), but Tmice was not collected.

OXYGEN, CARBON, AND
STRONTIUM ISOTOPES

δ18O, δ13C, and 87Sr/86Sr analyses of mineralized CCD
and SD from the northern Rocky Mountains, Mackenzie
Mountains, and WCSB are listed in Table 1. Ranges and
averages of nonmineralized and mineralized dolomite sam-
ples are listed in Tables 2 and 3, respectively. The data are
presented, and compared with published fields of non-
mineralized CCD and SD from throughout the WCSB, on
standard cross plots of 13C vs. δ18O, 87Sr/86Sr vs. δ18O, and
87Sr/86Sr vs. δ13C in Figure 7.

Nonmineralized dolomite

δ18O values of the nonmineralized CCD and SD from the
eastern Presqu’ile barrier range from -13.0 to -7.0‰ (Fig. 7a
and Table 2) and decrease slightly in the western Presqu’ile
barrier with values ranging from -16.0 to -8.7‰. δ13C values
of the nonmineralized CCD and SD range from -2.2 to +2.5‰
for the eastern Presqu’ile barrier and from -3.8 to +2.7 ‰ for
the western Presqu’ile barrier (Fig. 7a and Table 2). The δ13C

values don’t show any spatial or stratigraphic trends (Qing,
1991; Qing and Mountjoy, 1994). 87Sr/86Sr ratios of the
nonmineralized CCD and SD from the eastern Presqu’ile
barrier range from 0.7081 to 0.7088, and increase to values
ranging from 0.7085 to 0.7121 in the western Presqu’ile bar-
rier (Table 2). All these dolomite samples (except sample
NWT072; Mountjoy et al., 1992) plot below the Sr isotope
ratio of 0.7120 (Fig. 7), which defines the regional back-
ground value of the “Maximum Sr Isotope Ratio of Basinal
Shale” (MASIRBAS; Machel and Cavell, 1999) in the
Cordillera.

SD from the Sulphur Point and Keg River formations of
the Rainbow petroleum field in northern Alberta has narrow
ranges of �18O and �13C values (Fig. 7a and Table 2). �18O
values range from -13.7 to -10.7‰ for the Sulphur Point For-
mation and -10.65 to -7.8‰ for the Keg River Formation.
�13C values range from -1.4 to +0.2‰ for the Sulphur Point
Formation and +1.49 to +2.4‰ for the Keg River Formation.
SD displayed 87Sr/86Sr values that lie between 0.7084 and
0.7102 for the Sulphur Point Formation and one value of
0.7099 for the Keg River Formation.

Mineralized dolomite

δ18O and δ13C values of the mineralized CCD and SD
from the Great Slave Reef, Hay West, Windy Point, and Qito
properties are similar at any given locality. Their δ18O values
range from -12.9 to -8.4‰ (Fig. 7a and Table 3) and δ13C val-
ues range from -2.4 to +2.3‰ (Fig. 7a and Table 3) with no
obvious co-variance between δ13C and δ18O values. The
δ18O values are much lower than δ18O values estimated for
Middle Devonian dolomite, and δ13C values are similar to or
slightly lower than Middle Devonian dolomite (Fig. 7a).
Most of the δ13C and �18O values for the mineralized CCD
and SD from the eastern Presqu’ile barrier are within the
range of values published for the nonmineralized SD and
CCD of the eastern Presqu’ile barrier (Fig. 7a), which sug-
gests that they formed from fluids with similar δ13C and δ18O
composition. 87Sr/86Sr ratios of the mineralized CCD and SD
from the eastern Presqu’ile barrier range from 0.7081 to
0.7105 (Table 3) and do not depart greatly from that of Mid-
dle Devonian seawater (0.7077–0.7082; Veizer et al., 1999).
On the δ18OPDB vs. 87Sr/86Sr cross plot (Fig. 7b), most of the
mineralized dolomite samples from the eastern Presqu’ile
barrier plot within the field defined by the nonmineralized
CCD and SD of the eastern Presqu’ile barrier. The same is
observed on the δ13CPDB vs. 87Sr/86Sr cross plot (Fig. 7c).

Four mineralized SD and CCD samples from the WCSB
that come from the Slavey Creek area, adjacent to the
McDonald–Hay River Fault, have slightly higher δ13C
values but similar δ18O values compared with the eastern
Presqu’ile barrier. These samples have δ18O and δ13C values
similar to the Keg River Formation of the Rainbow field,
which is also located proximal to the McDonald–Hay River
Fault. 87Sr/86Sr ratios of the mineralized CCD and SD from

82

GSC Bulletin 591



83

S. Paradis et al.

Figure 6. Photomicrographs of fluid inclusions and histograms showing the distribution of homogenization temperatures to
liquid phase (ThL). Scales as indicated. a. Sample C-421014 – Great Slave Reef property, orebody x25: Primary two-phase
aqueous inclusions in the core of sphalerite crystal homogenized between 70 and 95°C; derived from high-salinity (29–34 wt.%
NaCl equiv.) NaCl-CaCl2 fluids. b. Sample C-406241 – Slavey Creek area: Primary two-phase aqueous inclusions in sphalerite
core homogenized between 105 and 125°C; these inclusions are from the same fluid inclusion assemblage (FIA). c. Sample
C-421039 – Great Slave Reef property, orebody O556: Primary two-phase petroleum inclusions in fine-crystalline dolomite
(FCD) homogenized between 125 and 145°C; overgrown by saddle dolomite (SD) that formed at lower temperatures
(~75–145°C; ave. = 103°C ± 15.4, n =20) and from high-salinity (17–32 wt.% NaCl equiv.) NaCl-CaCl2 fluids.
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the Slavey Creek and Zama Lake area (0.7087–0.7108; ave.
= 0.7097) are slightly higher than the mineralized and
nonmineralized dolomite samples from the eastern Presqu’ile
barrier (0.7081–0.7105; ave. = 0.7084).

The CCD and SD associated with sulphide minerals at
Robb Lake and the Manetoe facies have lower values of δ13C
and δ18O compared to the eastern Presqu’ile barrier. At Robb
Lake, values of δ18O range from -15.6 to -13.8‰ and values
of δ13C range from -1.7 to -0.8‰ (Fig. 7a and Table 3). These
values plot in the lighter part of the data set of Qing (1991),
Mountjoy et al. (1992), and Coniglio et al. (2006) for the
western Presqu’ile barrier (Fig. 7a). The δ18O and δ13C val-
ues of the mineralized SD from the Manetoe facies (Fig. 7a
and Table 3) overlap the lighter values for the nonmineralized
dolomite of the Manetoe facies (Fig. 7a and Table 2), which
show a considerable scatter of δ18O (-17.3 to -7.7‰) and
δ13C (-7.4 to +3.5‰) values (Morrow et al., 1990). Signifi-
cantly radiogenic strontium is found in CCD and SD of the
Robb Lake deposit (0.7118–0.7178), and mineralized SD of
the Manetoe facies (0.7112–0.7116; Table 3). The late-stage
dolostone-hosted saddle dolomite and calcite cements of the
Swan Hills Formation near the western margin of the WCSB
also have radiogenic strontium values of 0.7088 to 0.7370
(Wendte et al., 1998; Duggan et al., 2001). Mountjoy et al.
(1992) report 87Sr/86Sr ratios of 0.7090 to 0.7121 in the deep
subsurface dolomite and a slightly lower value (0.7086) in the
shallow subsurface dolomite of the western Presqu’ile bar-
rier. On the 18OPDB and 13CPDB vs. 87Sr/86Sr plots (Fig. 7b,
c), the Robb Lake samples define a marked, steep departure to
radiogenic Sr from the shallow trend defined by the mineral-
ized and nonmineralized carbonate of the eastern and western
Presqu’ile barrier. The mineralized Manetoe SD is within the
upper range of values published for the nonmineralized
Manetoe dolomite (0.7091–0.7128; Morrow et al., 1990).

Isotopic trends

On the cross plots of δ18O vs. longitude (Fig. 8a), δ13C vs.
longitude (Fig. 8b), and 87Sr/86Sr vs. longitude (Fig. 8c), the
values of mineralized and nonmineralized CCD and SD are
fairly constant along the length of the eastern Presqu’ile bar-
rier. The nonmineralized CCD and SD in the western
Presqu’ile barrier shows that in spite of the fact that there is a
wide variation of δ18O values at certain longitudes, there is a
broad overall westward decreasing trend (Fig. 8a). For exam-
ple, at approximately 117.2°W, δ18O values range from -12.0
to -8.7‰, and at approximately 121°W, δ18O values range
from -15.8 to -13.0‰. No data on mineralized dolomites are
available within the western Presqu’ile barrier (i.e. between
117 and 122°W) to verify the change in isotopic values versus
longitude. In the Rocky and Mackenzie mountains, mineral-
ized CCD and SD of the Manetoe facies and the Robb Lake
deposit have low δ18O values (-15.6 to -12.8; Fig. 8a), similar
to deep subsurface nonmineralized CCD and SD of the west-
ern Presqu’ile barrier (-16.0 to -12.8‰; Mountjoy et al.,
1992). Nonmineralized SD of the Manetoe facies however,
shows a considerable range of δ18O values that overlap the

range of values for both the eastern and the western Presqu’ile
barrier (Fig. 8a), therefore showing no westward decreasing
trend in δ18O values along the entire length of the Presqu’ile
barrier.

δ13C values in mineralized and nonmineralized CCD and
SD range widely along the whole length of the Presqu’ile bar-
rier and the Rocky and Mackenzie mountains from -7.35 to
+3.5‰ with no apparent spatial trend (Fig. 8b).

On the cross plot of 87Sr/86Sr vs. longitude (Fig. 8c), the
87Sr/86Sr values of the mineralized CCD and SD increase
from the eastern Presqu’ile barrier to the Rocky Mountains.
Moreover, 87Sr/86Sr values of the nonmineralized CCD and
SD show a discernible westward increase from the eastern to
the western Presqu’ile barrier (Fig. 8c). As observed for
oxygen isotopes, the 87Sr/86Sr ratios of the Manetoe facies
within the Rocky Mountains are similar to those of the deep
subsurface dolomite of the western Presqu’ile barrier.
Another interesting observation is the westward increase
of 87Sr/86Sr values along the McDonald–Hay River Fault
(Fig. 9), with values of 0.7081–0.7105 (ave. = 0.7084 ±
0.0004 [1σ], n=134) at Pine Point (Qing, 1991; Mountjoy et
al., 1992; Coniglio et al., 2006; this study) to values of
0.7087–0.7098 (ave. = 0.7094 ± 0.0006 [1σ], n=3) at Slavey
Creek (this study), 0.7108 at Zama Lake (this study), and
0.7084–0.7102 (ave. = 0.7094 ± 0.0008 [1σ], n= 7) at Rain-
bow field (Qing, 1986; Lonnee and Al-Aasm, 2000).

LEAD ISOTOPES

Description of samples

Lead isotope analyses of sphalerite and galena from the
WCSB, both within and external to the Presqu’ile barrier, the
Rocky Mountains, and the Mackenzie Mountains are listed in
Table 4 and sample locations are plotted on Figure 10.

Galena and sphalerite samples are selected from the Great
Slave Reef, Hay West, Windy Point, and Qito properties
within the Slave Point, Sulphur Point, Watt Mountain, Pine
Point, and Keg River formations of the eastern Presqu’ile bar-
rier. Other galena and sphalerite samples (704, 1245, 2425,
1426, 4818, and 1904) occur in dolostone of the Slave Point
and Pine Point formations along the carbonate front of the
western Presqu’ile barrier. In the WCSB of Alberta, three
samples (98AB3, C-406237, and C-421175) are from the
Slavey Creek, Steen River, and Zama Lake areas, directly
over the westerly subsurface projection of the McDon-
ald–Hay River Fault as defined by its aeromagnetic signature.
Samples 98AB4, C-406244, and C-406247 are from the
Pekisko, Slave Point, and Wabamun formations, respect-
ively, overlying the Peace River Arch. Sample C-406243 is a
large galena cube found in stream sediments of the Cordillera
mountain front. Samples 7350, 7808, and C-433027 are from
the Jean Marie Member in the Helmet North gas field of the
Cordova Embayment, a reentrant in the Presqu’ile barrier.
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One sample, C-433001, is a mineralized dolomite at the top of
the Manetoe facies. Two galena samples (C-433017 and
C-433018) are from the Oldman River MVT Zn-Pb deposit in
the southern Rocky Mountains.

Results from mineralized dolomite samples

Lead isotope analyses are plotted on the “shale curve” of
Godwin and Sinclair (1982), a growth curve unique to the
ancient western margin of North America. On the “shale
curve”, the analyzed samples cluster into two distinct popula-
tions, “Cordilleran carbonate lead” and “Pine Point lead”
(Fig. 11). Samples from the western Presqu’ile barrier, Peace
River Arch area, Manetoe facies, and northern Rocky Moun-
tains are highly radiogenic and fall along or on the upper
extension of the “Cordilleran carbonate lead” trend (Fig.
11a). Samples from the eastern Presqu’ile barrier (i.e. Pine
Point, Great Slave Reef, Hay West, Windy Point, and Qito
properties), Slavey Creek, Steen River, and Zama Lake areas
on the McDonald–Hay River Fault, and Jean Marie Member
in the Helmet North Field of the Cordova Embayment plot
within the “Pine Point lead” cluster (Fig. 11a, b).

Lead isotope values of sphalerite and galena from the
mineral properties in the eastern Presqu’ile barrier (i.e. Pine
Point, Great Slave Reef, Hay West, Windy Point, and Qito)
plot in a tight cluster below the “shale curve”, thus defining
the “Pine Point lead” signature (Fig. 11a, b). Other mineral-
ized localities along the McDonald–Hay River Fault (i.e.
Slavey Creek, Steen River, and Zama Lake areas: samples
98AB3, C-406237, C-421175) and the Jean Marie Member in
the Cordova Embayment (samples 7350, 7808, C-433027)
also have a “Pine Point lead” signature. Only two samples
from the Hay West and Qito properties plot outside the tight
cluster, showing some variations in their 206Pb values (Fig.
11a, b). The “Pine Point lead” isotopic signature in the Jean
Marie Member of the Cordova Embayment was recognized
in a previous study (Nelson et al., 2002) and confirmed by this
study.

The lead signature belonging to the linear “Cordilleran
carbonate lead” trend extends a substantial distance eastward
from the Cordilleran deformation front into the Interior Plat-
form of northeastern BC and Alberta in galena and sphalerite
occurrences contained within Paleozoic carbonate beneath
the Mesozoic cover (Fig. 10). Some samples from the
subsurface western Presqu’ile barrier and the Peace River
Arch area of the WCSB are extremely radiogenic (Fig. 11a,
c). For example, lead from carbonate-hosted Zn-Pb occur-
rences in the Peace River Arch area falls far above the “shale
curve” for common lead with radiogenic 206Pb/204Pb values
of 22.3 at Oak gas field, 22.2 at Dawson oilfield, and 24.3
within the Pekisko Formation (Table 4; Fig. 11a). Lead in
galena and sphalerite of carbonate deposits from the western
Presqu’ile barrier and the northern Rocky Mountains are also
radiogenic but they are extremely variable (Fig. 11a, b, c, d).
For example, lead from sulphide deposits along the carbonate
front of the western Presqu’ile barrier (samples 1426, 1245,

1904, 4818, 704, 2425) varies substantially from the least
radiogenic end of the “Cordilleran carbonate lead” trend,
with a 206Pb/204Pb value of 19.24 (sample 1426) to a highly
radiogenic 206Pb/204Pb value of 23.71 (sample 704). Lead
from these samples defines a linear array that intersects the
“shale curve” at 370 Ma (Fig. 11b). Lead from the WCSB
south of the Peace River Arch area, such as the Swan Hills
Simonette oilfield in western Alberta, is also highly radio-
genic (206Pb/204Pb = 22.7 to 23.2; Duggan et al., 2001). Lead
isotope values of galena from the Oldman River property in
southern Rocky Mountains are radiogenic and plot close to
the field for the northern Rocky Mountains MVT Zn-Pb
deposits (Fig. 11). All these data emphasize the great variabil-
ity in the isotopic composition of “Cordilleran carbonate
lead”, in contrast to the tight clustering of the “Pine Point
lead”.

DISCUSSION AND SYNTHESIS

Hydrothermal dolomites, typified by CCD and SD, are
commonly associated with sulphide mineralization in the
northern Rocky Mountains MVT belt, and with carbon-
ate-hosted petroleum reservoirs and sulphide mineralization
throughout the WCSB (Machel and Mountjoy, 1986; Leach
and Sangster, 1993; Davies, 1997; Nelson et al., 2002). SD
and CCD have often been controversially described as
“hydrothermal” (e.g. Davies, 1997; Berger and Davies, 1999;
Reimer et al., 2001) and Machel and Lonnee (2002) outlined
the contentions regarding the use of the term “hydrothermal
dolomite” in the literature. They recognized regionally exten-
sive bodies of hydrothermal dolomite in the northern part of
the WCSB, especially north of the Peace River Arch, and as
such they identified the “Presqu’ile dolomite” as being the
product of regional hydrothermal fluid flow. Another exam-
ple is the Manetoe saddle dolomite facies, which is inter-
preted as “hydrothermal-type white dolomite that formed in
the subsurface at shallow depths in Late Devonian to Carbon-
iferous time” (Morrow and Aulstead, 1995, p. 279). South of
the Peace River Arch, hydrothermal dolomite is not as wide-
spread, and it is restricted to small zones where fluids appear
to have ascended via faults and fractures.

In our study, the term “hydrothermal dolomite” applies to
CCD and SD that are closely associated with sulphide miner-
alization, situated proximal to major structures, and assumed
to be the products of the interaction of high-temperature
hydrothermal fluids with surrounding carbonate rocks. It fol-
lows the definition and criteria of Machel and Lonnee (2002).

Several models have been proposed for the formation of
hydrothermal dolomite and associated sulphide minerals in
the WCSB. The most popular one refers to fluid flow related
to a combination of topographic recharge and/or tectonic
compaction during either the Devonian–Mississippian
Antler Orogeny or the Cretaceous–Tertiary Laramide Orog-
eny (Garven, 1985; Qing and Mountjoy, 1992, 1994; Machel
et al., 1996; Root, 2001). A more recent model, called
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Zn-Pb deposits and carbonate-hosted sphalerite and galena
occurrences in the Western Canada Sedimentary Basin and
the northern Rocky Mountains. a. 207Pb/204Pb vs. 206Pb/204Pb. b.
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Fig. 10 for location of samples) and data from the literature
(see legend). Devonian–Mississippian syngenetic/diagenetic
massive sulphide deposits from Europe and North America are
shown for comparison with the Pine Point deposits.



hydrothermal convection, infers that CDD, SD, and associa-
ted sulphide minerals in the WCSB (north of the Peace River
Arch) and the northern Rocky Mountains MVT belt formed
during Devonian–Mississippian tectonic activity on the
western margin of North America (Paradis and Nelson, 2000;
Nelson et al., 2002). High heat flow and the development of
deep hydrothermal convection systems were generated in
an actively rifting back-arc setting eastward of an easterly
dipping subduction zone that evolved along the western
continental margin in early Devonian time. The subduction
and rollback of the slab created arc and back-arc volcanic-
-plutonic-sedimentary complexes in the Canadian Cordillera.
These arc and back-arc systems were affected by episodic
rifting, which generated hydrothermal activity and formation
of volcanic-hosted massive sulphide (VHMS) deposits in the
outermost continental margin (i.e. the pericratonic terranes),
sedimentary exhalative (SEDEX) deposits in a more inland
belt of continent-margin basins (i.e. Kechika Trough and
Selwyn Basin), and Mississippi Valley-type (MVT) deposits
on the continental platform. The carbonate-hosted Zn-Pb
mineralization and hydrothermal dolomite of the Rocky
Mountains and the WCSB (north of the Peace River Arch) are
products of this far-reaching subduction effect and genesis of
hydrothermal activity resulting in fluids being driven along
reactivated back-arc structures, faults, and permeable strata.
Goodfellow et al. (1993) also argued for a connection
between northern Cordilleran SEDEX and MVT deposits,
based on the spatial association of MVT deposits with the
rifted margins of anoxic basins, the similarity of metal ratios,
and the similar heavy and variable sulphur isotope values.
They envisaged a mixing model, in which reduced and sul-
phur-bearing fluids circulating in porous and permeable car-
bonate rocks encountered metal-bearing fluids rising along
basement structures to the site of ore deposition. The McDon-
ald–Hay River Fault and other northeast-trending faults, such
as the Rabbit Lake Fault Zone and the Hay River Fault Zone,
are likely candidates for this role of providing conduits for
basement-derived metal-bearing fluids.

The case for a Devonian–Mississippian age for the car-
bonate-hosted Zn-Pb mineralization and hydrothermal
dolomite of the northern Rocky Mountains and WCSB was
discussed by Nelson et al. (2002). Therefore, assuming that
MVT Zn-Pb mineralization and hydrothermal dolomite are
coeval and syngenetic, we first discuss their isotopic linkages
and trends, and then discuss the results in terms of fluid flow
and mineralizing systems.

Carbon, oxygen, strontium isotope
signatures and linkages

Mineralized and nonmineralized CCD and SD at any
given locality within the eastern Presqu’ile barrier, western
Presqu’ile barrier, northern Rocky Mountains and Macken-
zie Mountains have similar C, O, and Sr isotopic signatures
(Fig. 7). Only 86Sr/87Sr values from the Robb Lake deposit
are higher than most values for the eastern and western
Presqu’ile barrier and areas along the McDonald–Hay River

Fault. They are also higher than the 0.7120 value of
MASIRBAS. This indicates that “radiogenic” strontium
(i.e. 87Sr) was preferentially introduced into the carbonate
deposits at Robb Lake during dolomitization and mineral-
ization. Solutions with strontium isotope ratios in excess of
0.7100 can develop through the interaction of deeply circulat-
ing fluids with fine-grained siliciclastic rocks (Morrow et al.,
1990), which contain alkali feldspars rich in radiogenic
strontium.

The similarity in isotopic signatures suggests a link
between sulphide mineralization and hydrothermal dolo-
mitization. It also implies the composition of fluids res-
ponsible for dolomitization and mineralization was similar
in terms of C and O isotopes, as well as Sr isotopes to some
extent.

Isotopic trends

The isotopic data illustrate a broad westward decrease in
δ18O values and increase in 87Sr/86Sr ratios of mineralized
CCD and SD from the eastern Presqu’ile barrier to the Rocky
and Mackenzie Mountains (Fig. 8a, c). The nonmineralized
dolomite samples do not show a westward decrease in δ18O
values since the range of values for the Manetoe facies over-
laps those of the eastern and western Presqu’ile barrier. How-
ever, these dolomite samples do show a broad increase in
87Sr/86Sr ratios from the eastern Presqu’ile barrier to the
Rocky and Mackenzie mountains.

Qing and Mountjoy (1994) observed a regional trend of
gradually decreasing δ18O values and increasing 86Sr/87Sr
ratios westward from the Pine Point deposits to northeastern
BC in dolomite of the Presqu’ile barrier. They attributed the
trend of decreasing δ18O values to a westerly increase in fluid
inclusion ThL from 92° to 121°C at Pine Point to 139° to
178°C in the western Presqu’ile barrier. Turner (2006) also
observed an increase of ThL in sphalerite from Pine Point
(53–67°C; ave. = 61°C ± 4.9 [1σ], n=7) to the Great Slave
Reef property (62–112°C; ave. = 97°C ± 13.6 [1σ], n=16),
and also a small increase of ThL in SD from Pine Point
(85–93°C; ave. = 89°C ± 2.7 [1σ], n=10) to the Windy Point
property (96–125°C; ave. = 106°C ± 8.8 [1σ], n=14). Turner
(2006) did not analyze samples in the western Presqu’ile bar-
rier. Surprisingly, given the western location of Robb Lake in
the Rocky Mountains with exceptionally low δ18O values
(-15.6 to -13.8), its primary and pseudosecondary fluid inclu-
sions show only moderately elevated ThL of 87 to 154°C,
averaging 119°C (Sangster and Carrière, 1991). These mod-
erate and variable fluid temperatures are intriguing and unex-
plained at the moment. Low 18O values of –18.4 to –17.3‰
and fluid inclusion ThL of 138 to 152°C were also found in
dolomite cements of the Cathedral Formation in the southern
Canadian Rocky Mountains (Yang et al., 1995). Yang et al.
(1995) interpreted the negative δ18O values to elevated tem-
peratures of dolomitization.
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Low �18O values along with high 87Sr/86Sr ratios within
and proximal to the Rocky Mountains can be ascribed,
respectively, to high-temperature fluids and the influence of
siliciclastic sources. Although such fluids are often linked
to deep sedimentary and tectonic burial during the Late
Devonian to Early Carboniferous Antler Orogeny or the Late
Jurassic to Early Tertiary Laramide Orogeny, they could also
have arisen as hydrothermal solutions channelled along
intrabasinal faults. Morrow (1998) explained the west-
ward-decreasing trend in δ18O values as being a function of
long-lived, deep convective circulation of hydrothermal flu-
ids to great depths relative to the Precambrian basement in
late Paleozoic time.

The sudden eastward decrease in 87Sr/86Sr ratios near the
Cordilleran limit of deformation suggests that fluids inter-
acted with siliciclastic rocks or underlying Precambrian
basement in the zone of deformation and became rapidly less
radiogenic as they migrated eastward through the Presqu’ile
barrier or the McDonald–Hay River Fault system. This
reduction in the radioactive 87Sr isotope could be due to dilu-
tion by less radiogenic formation waters at shallower depths
in the Presqu’ile barrier, incorporation of less radiogenic Sr
from non-radiogenic Middle Devonian limestone, or mixing
with fluids from a different source (Mountjoy et al., 1992).
All mineralized carbonate samples from the Rocky Moun-
tains have 87Sr/86Sr values greater than 0.7100, indicating a
significant input of radiogenic strontium to the mineralizing
fluids. Their strontium ratios are similar to those of the
SEDEX deposits of the Selwyn Basin, which have values of
0.7129 to 0.7144 for barite at Jason (Turner et al., 1989), and
0.7140 to 0.7170 for carbonate samples at Howards Pass
(Goodfellow and Jonasson, 1984). Samples with 87Sr/86Sr
values greater than 0.7120 (e.g. MASIRBAS) fall within
Machel and Cavell’s (1999) field for cements generated by
extrabasinal fluids; that is, fluids that have interacted with
Precambrian siliciclastic rocks. Unlike Sr-isotopic composi-
tions of carbonate rocks farther east along the Presqu’ile bar-
rier, those from the northern Rocky Mountains, such as Robb
Lake (0.7118–0.7178) and to some extent the Manetoe facies
(0.71123–0.71156), and those from the southern Rocky Moun-
tains, such as Oldman River (0.71034–0.71044) and Mon-
arch-Kicking Horse and Mount Brussilof (0.7090–0.7120;
Nesbitt and Muehlenbachs, 1994), suggest that dolomitizing
and mineralizing fluids reflect fluid sources that interacted
with continental siliciclastic rocks.

Lead isotope regional signatures

Two distinct types of metal dispersal systems were
operative in the northern Canadian Rocky Mountains and
the WCSB, and gave rise to two lead populations: the
“Cordilleran carbonate lead” trend and the “Pine Point lead”
cluster.

The “Cordilleran carbonate lead” trend, which is charac-
teristic of the northern Rocky Mountains MVT belt, extends
east into the western Presqu’ile barrier and the Peace River

Arch area of the WCSB (Fig. 10). It is also present in the
Swan Hill Formation buildups of the Simonette oilfield of
west-central Alberta (Duggan et al., 2001). It forms a linear
trend that intersects the “shale growth curve” in the
Devonian–Mississippian range (370 Ma) (Fig. 11b, d).
This intersection is also defined by a cluster of analyses
(Fig. 11b) from Ordovician–Devonian MVT deposits of the
Mackenzie Mountains (Godwin et al., 1982), and one from
the Rough (Waterfall) carbonate-hosted deposit within the
Kechika Trough (Godwin and Sinclair, 1982). These signa-
tures also overlap the field for Devonian SEDEX deposits of
the Selwyn Basin and Kechika Trough (Fig. 11b).

The “Cordilleran carbonate lead” trend is consistent with
northeasterly fluid flow paths from the miogeocline into the
Devonian carbonate aquifers of the WCSB. It is similar to the
lead isotopic trends shown by classic MVT deposits of the
central United States, which are interpreted as mixing lines
between ordinary upper crustal lead and an anomalous lead
that is far more radiogenic than any known average crustal
source (Heyl et al., 1974). Many authors have advocated
regional fluid flow in sandstone aquifers as the source of lead
in carbonate-hosted deposits (cf. Goldhaber et al., 1995).
Others have suggested the underlying Precambrian basement
as the source for lead. With decreasing fluid temperatures
eastward away from the Rocky Mountain front, the fluids
may have become more enriched in radiogenic lead as a result
of preferential extraction of radiogenic lead from metamict
zircons rather than equilibrium extraction of combined radio-
genic and common leads from feldspars (cf. Nelson et al.,
2002). The “Cordilleran carbonate lead” trend, therefore,
appears to define a mixing line between the “least” radiogenic
values represented by the Devonian SEDEX deposits and an
extremely radiogenic end-member of unknown origin, and
results from a non-equilibrium process of lead extraction.

In marked contrast to the highly elongate, linear “Cord-
illeran carbonate lead” trend, the “Pine Point lead” forms a
tight cluster that plots close to the Early Cambrian range on
the “shale curve”, nearly 200 Ma older than their host rocks
(Fig. 11b). This suggests that the source of lead for Pine Point
was much less radiogenic than that of the Cordilleran SEDEX
deposits, and that it was unrelated to that of the Cordilleran
miogeocline. The fields for Cambrian and Devonian SEDEX
deposits have been plotted on Figure 11 to show how distinc-
tive the Pine Point cluster is compared to SEDEX deposits of
the Canadian Cordillera. In fact, it plots within a well-con-
strained field along with other Devonian–Mississippian
SEDEX and MVT deposits of continental to pericratonic set-
tings, such as Rammelsberg/Meggen, Navan, and the Iberian
Pyrite belt, and is slightly more radiogenic than leads from the
Late Devonian Cornwallis Fold Belt (Nelson et al., 2002).
Nelson et al. (2002) interpreted the “Pine Point lead” as a typ-
ical signature for Devonian–Mississippian northern hemi-
sphere continental leads.

The location of the Pine Point, Great Slave Reef, Hay
West, Windy Point, and Qito deposits along the McDon-
ald–Hay River Fault and other subparallel northeast-trending
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faults may account for their lead isotopic signature. Geolog-
ical and isotopic evidence points to a key role for the fault
systems in the formation of orebodies within the Pine Point
district (Rhodes et al., 1984). Krebs and Macqueen (1984)
suggested that the origin of the orebodies was linked to fluid
expulsion along the fault systems. Others suggested that
there is a sub-regional structural control on the distribution of
orebodies within the Pine Point district by a local set of
east-west faults extending westward from the McDonald–Hay
River Fault to Pine Point (e.g. Skall, 1975). The role of the
faults and the structural control on ore deposition also explain
the “Pine Point lead” signature of samples collected along the
McDonald–Hay River Fault at Zama Lake, Steen River, and
Slavey Creek. Structural control could also explain the “Pine
Point lead” signature found in the Jean Marie Member in the
Helmet North gas field of the Cordova Embayment, which
lies along the trace of northeast-trending faults that exist
between the Hay River Fault Zone and the McDonald–Hay
River Fault (Morrow et al., 2006). Several faults in this area
coincide with an apparent dextral offset of basement domains
(Morrow et al., 2006), and some of them show 50 to 70 m
pre-Devonian throws (J. Wendte, pers. comm., 1998). Other
deposits in the world such as those of the Tri-State MVT
Zn-Pb district in central United States, the Alpine district in
Europe, and the Lennard Shelf MVT district in western
Australia are structurally controlled, and there is a growing
recognition among geologists that fluid movements responsible
for MVT mineralization tend to be focused along faults
(Keller et al., 2000).

We speculate that the source of the “Pine Point lead” was
leached directly from rocks of the Precambrian basement by
fluids circulating in deep fault structures, such as the McDon-
ald–Hay River Fault and other northeast-trending faults (e.g.
Rabbit Lake Fault Zone and the Hay River Fault Zone).
Lithogeochemical and isotopic analyses of metal-bearing
basement rocks in the region need to be completed before fur-
ther inferences can be made.

Regional paleofluid flow

The data from this study place some constraints on the
paleofluid flow and mineralizing systems within the northern
Rocky Mountains MVT belt and the WCSB, north of the
Peace River Arch. The oxygen, carbon, and strontium iso-
topes and fluid inclusion data support a link between MVT
carbonate-hosted Zn-Pb mineralization and hydrothermal
dolomitization within the northern Canadian Rocky Moun-
tains and the Western Canada Sedimentary Basin (WCSB).
Coprecipitation of CCD, SD, and sulphides, and similar iso-
topic signature between mineralized and nonmineralized
CCD and SD implies similar parent fluids. Isotopic trends
support easterly formation fluid-flow paths from the Rocky
Mountains into the western continental platform and indicate
a key role for the northeast-trending structures, such as the
McDonald–Hay River Fault, Rabbit Lake Fault Zone, Hay
River Fault Zone, and the Presqu’ile barrier, in the circulation
of hydrothermal fluids as well as mineralizing processes. The

lead isotope data favour two distinct types of metal dispersal
systems in the northern Rockies and the WCSB: 1) A wide-
spread, radiogenic “Cordilleran carbonate lead” characteris-
tic of the northern Rocky Mountains MVT belt extending
eastward into the WCSB, and 2) a more localized, non-
radiogenic “Pine Point lead”, characteristic of the eastern
Presqu’ile barrier and areas along the McDonald–Hay River
Fault system. Lead isotope data suggest that deep fluid circu-
lation through Precambrian basement rocks beneath the
McDonald–Hay River Fault provided the source of metals for
the Pine Point deposits and other mineralized areas along the
fault. Other northeast-trending faults parallel to the McDon-
ald–Hay River Fault may also have played a role in mineraliz-
ing carbonate occurrences along the Presqu’ile barrier, west
of Pine Point.

In terms of exploration potential, this makes the areas
along the McDonald–Hay River Fault and the Devonian car-
bonate rocks of the Cordova Bay Embayment excellent tar-
gets for significant MVT Zn-Pb deposits.

CONCLUSIONS

Hydrothermal dolomite (i.e. coarse-crystalline dolomite
and saddle dolomite) associated with sulphide mineraliza-
tion at Great Slave Reef, Hay West, Windy Point, and Qito
properties within the eastern Presqu’ile barrier have δ18O,
δ13C and 87Sr/86Sr values similar to published values for
nonmineralized dolomite samples from the eastern Presqu’ile
barrier. Mineralized dolomite of the Robb Lake deposit and
Manetoe facies in the Rocky and Mackenzie Mountains have
similar δ18O and δ13C values to those from the western
Presqu’ile barrier, but their 87Sr/86Sr values are more radio-
genic than most dolomite rocks of the western and eastern
Presqu’ile barrier and the interior of the WCSB. This sug-
gests that siliciclastic rocks or the Precambrian basement
influenced the composition of the mineralizing fluids.

A westward decrease in δ 18O values and increase in
87Sr/86Sr ratios is observed in mineralized dolomite from
the eastern Presqu’ile barrier to the Rocky and Mackenzie
mountains. The nonmineralized dolomite does not show a
westward trend in δ 18O values, but does show a broad
increase in 87Sr/86Sr ratios from the eastern Presqu’ile barrier
to the Rocky and Mackenzie mountains. 87Sr/86Sr values
also increase westward along the McDonald–Hay River
Fault from Pine Point to the Robb Lake deposit in the Rocky
Mountains. This points to easterly fluid-flow paths from the
Rocky Mountains to the western continental platform, and
a key role for the McDonald–Hay River Fault and other
northeast-trending structures, such as the Rabbit Lake
Fault Zone, the Hay River Fault Zone, and the Presqu’ile
barrier, in the circulation of hydrothermal fluids and
mineralizing processes.
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Two distinct lead isotopic signatures characterize the
sulphide minerals associated with carbonate deposits in
the northern Rocky Mountains MVT belt and the WCSB. A
linear, highly radiogenic lead isotopic signature is charac-
teristic of the northern Rocky Mountains MVT belt, the
Manetoe facies, the western Presqu’ile barrier, and the Peace
River Arch area of the WCSB. By contrast, subsurface
samples from the Great Slave Reef, Hay West, Windy Point,
and Qito properties, and several subsurface samples from
directly above the McDonald–Hay River Fault, have uni-
form, non-radiogenic values, identical to the Pine Point clus-
ter. These two strongly contrasting lead isotopic populations
suggest that two, separate, metal-bearing fluid sources/path-
ways existed in the WCSB. The “Cordilleran carbonate lead”
with a widespread distribution in the Rocky Mountains and
the WCSB (except for the northeast-trending faults and areas
around Pine Point) involved non-equilibrium lead extraction
from Precambrian basement rocks or sandstone aquifers, and
enrichment in radiogenic lead with decreasing fluid tempera-
ture away from the Rocky Mountain front. The “Pine Point
lead” involved deep, metal-bearing fluid circulation along the
McDonald–Hay River Fault and other northeast-trending
faults parallel to the McDonald–Hay River Fault. The local
Precambrian basement rocks were probably the sources of
metals for the Pine Point district and mineralizing sites along
the McDonald–Hay River Fault. Lithogeochemical and iso-
topic analyses of sulphide-bearing basement rocks need to be
completed however, to confirm this hypothesis.
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