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Abstract: A regional study undertaken south and west of Great Slave Lake, Northwest Territories,
focused on evaluating the fluids associated with lead-zinc mineralization in the Pine Point mining camp.
Microthermometric studies identified two fluid types: Type 1 fluid was observed in sphalerite and dolomite,
and is a moderately low-temperature (respective ave. 86 and 100°C), high-salinity calcic brine (ave. 25 to 27
wt. % CaCl2-NaCl), that was directly involved in the processes that deposited the metals; Type 2 fluid,
observed in calcite and celestite, is slightly lower in temperature (~85°C), is less saline (ave. ~9 wt. %
CaCl2-NaCl), and was not involved in metal deposition.

Résumé : Une étude régionale effectuée au sud et à l’ouest du Grand lac des Esclaves, dans les
Territoires du Nord-Ouest, portait sur l’évaluation des fluides associés à la minéralisation en plomb-zinc
dans le camp minier de Pine Point. Des études microthermométriques ont permis d’identifier deux types de
fluides : le fluide de type 1, observé dans de la sphalérite et de la dolomite, est constitué d’une saumure
calcique à salinité élevée (pourcentage massique moyen de CaCl2 et NaCl de 25 à 27 %) et à température
modérémment faible (moyenne respective de 86 EC et de 100 EC), qui a contribué directement aux
processus de dépôt des métaux; le fluide de type 2, observé dans de la calcite et de la célestine, a une
température légèrement plus faible (env. 85 EC), est moins salin (pourcentage massique moyen de
CaCl2-NaCl d’environ 9 %) et n’a pas contribué au dépôt des métaux.
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INTRODUCTION

The C.S. Lord Northern Geoscience Centre examined the
fluids responsible for ore and gangue mineral precipitation
from selected localities to the south and west of Great Slave
Lake, southern Northwest Territories. This study is part of a
Targeted Geoscience Initiative (project # 232-110-010009)
titled “Potential for carbonate-hosted Pb-Zn (MVT) deposits
in northern Alberta and southern NWT”; a collaborative pro-
ject between C.S. Lord Northern Geoscience Centre, the
Geological Survey of Canada, and the Alberta Geological
Survey (Hannigan 2001, 2002; Hannigan et al., 2002). The
goals of the multidisciplinary project are to delineate the dis-
tribution and describe the origin of known Mississippi Val-
ley-type lead-zinc deposits in the Pine Point mining camp and
to investigate the potential for further undiscovered lead-zinc
orebodies in northern Alberta and southern Northwest
Territories. The fluid study described herein is one compo-
nent of the MVT project.

The primary goal of this study was to constrain the trap-
ping temperatures and salinities of fluids associated with the
ore and gangue minerals. To accomplish this goal, non-
destructive microthermometric analyses of fluid inclusions
were conducted. The study area ranges from the Little Buf-
falo River in the east to Heart Lake in the west and from
Falaise Lake in the north to Escarpment Lake in the south
(Fig. 1, 2).

REGIONAL GEOLOGICAL SETTING

The area of study focuses on the northeastern section of
the Interior Platform, a relatively undisturbed sedimentary
sequence, in the southern Northwest Territories (Fig. 1;
Douglas et al., 1970). The Phanerozoic stratigraphic section
comprising the Interior Platform thickens to its western bor-
der with the Cordillera foreland. To the east it thins to an ero-
sional edge that exposes Precambrian rocks of the Canadian
Shield. Within the study area, the Interior Platform hosts the
Presqu’ile barrier, a carbonate reef complex that formed
during the Givetian Age of the Middle Devonian (Rhodes et
al., 1984). The Presqu’ile barrier outcrops on the southern
shores of Great Slave Lake (Fig. 1), and regionally dips to the
west at 1.9 m per km (Rhodes et al., 1984). This barrier
extends to the southwest for approximately 400 km, and var-
ies between 20 and 90 km in width (Qing and Mountjoy,
1994). Development of the Presqu’ile barrier restricted sea-
water circulation, giving rise to evaporite deposits and lesser
carbonate units to the south in the Elk Point Basin (Fig. 1).

Regional stratigraphy

Several authors have described the stratigraphy south of
Great Slave Lake. A brief review is presented below and the
reader is referred to references cited for more information.

The Proterozoic basement in the Pine Point area is uncon-
formably overlain by siliciclastic rocks of the Old Fort Island
Formation, and carbonate deposits and siliciclastic rocks of
the Mirage Point Formation, both of which are interpreted as
Ordovician or older in age (Douglas, 1959; Belyea and
Norris, 1962; Norris, 1965). Unconformably overlying the
Mirage Point Formation are carbonate units of the Chinchaga
Formation, which is lower Middle Devonian (Eifelian) in age
(Norris, 1965).

The Presqu’ile carbonate barrier buildup and its associa-
ted lithologies have been studied by Law (1955), Belyea and
Norris (1962), Richmond (1965), Norris (1965), Skall
(1975), Rasmussen (1981), Lantos (1983), Rhodes et al.
(1984), and Norris and Uyeno (1998), among others. The
rocks conformably overlie the Chinchaga Formation, and
represent five paleoenvironments. These environments are as
follows: 1) the Keg River Formation, which represents the
lower carbonate platform; 2) a carbonate barrier complex,
composed of lower and upper sections termed the Pine Point
and Sulphur Point formations; 3) the evaporitic sequence of
the Muskeg Formation that is equivalent to a back-barrier
environment; 4) the Buffalo River and Windy Point forma-
tions, which were deposited to the north of the barrier in a
fore-barrier environment; and 5) the Watt Mountain and
Slave Point formations, overlying the barrier and its equiva-
lents.

West of the Pine Point area, in the vicinity of the Hay
River, is the erosional edge of the Upper Devonian Hay River
Formation (Jamieson, 1967). Meijer Drees (1993) further
defined this formation to encompass all beds between the top
of the Slave Point Formation and the base of the Twin Falls

222

GSC Bulletin 591

NORTHWEST TERRITORIES

YUKONTERRITORY

Great Slave
Lake

SASKATCHEWAN

0 200km

ALBERTA

GSLSZ

BRITISHCOLUMBIA
60°

1
1
0
°

1
2
0
°

Fig. 2

U.S.A.

U
.S

.A
.

MACKENZIE
BASIN

ELK POINT BASINPresq
u

B

'il
e

ar
rie

r

PRECAMBRIAN
BASEMENT

C
O

R
D

IL
L
E

R
A

INTERIOR PLATFORM

Pine Point

Figure 1. Simplified map of Devonian geology,
northwestern Canada showing the location of the
Presqu'ile barrier with respect to the Mackenzie and
Elk Point basins. Modified after Qing and Mountjoy
(1994) and Turner and Gal (2003). GSLSZ = Great
Slave Lake Shear Zone.



223

Formation. The siliciclastic and carbonate lithologies associ-
ated with the Hay River Formation, which incorporates the
Escarpment Member, and the unconformably overlying
Twin Falls Formation, including the Alexandra Member,
have been studied by Cameron (1918), Belyea and McLaren
(1962), Jamieson (1967), Williams (1977), Hadley (1987),
Hadley and Jones (1990), and Bellow (1993). Although these
units have been extensively examined, the formal classifica-
tion of the different lithologies into formation, member and
facies status remains under considerable debate.

MINERALIZATION

Exploration drilling carried out at the Pine Point mining
camp determined that the orebodies are confined to extensive
conduit systems (paleokarsts) that formed in select carbonate
facies along the strike of the Presqu’ile barrier complex
(Kyle, 1981). Rhodes et al. (1984) proposed that three

paleokarst systems exist: two large-scale dissolution channel-
ways oriented at approximately 065° named North and Main
trends, and a less continuous channelway termed the South
Trend (Fig. 3). To the west of Buffalo River, Westmin
Resources Limited (operator of the Great Slave Reef project)
conducted extensive drilling along the proposed extension of
the Main Trend, and delineated seven orebodies (Randall et
al., 1985; Turner et al., 2002; Fig. 4), bringing the total num-
ber of known ore deposits between Hay River and Little Buf-
falo River to over 90. During the mid to late 1970s and early
1980s exploration drilling was carried out to the west of Hay
River in the Tathlina (Gulf Minerals Canada Limited;
Germundson, 1979, 1980) and Hay West areas (Pine Point
Mines Ltd; Fig. 5; Carter, 1980, 1981; Klein, 1981, 1982),
and to the north of Hay River in the Windy Point–Qito areas
(Pine Point Mines Ltd; Fig. 6; Brabec, 1976, 1981; Heal,
1977; Lane, 1980a). Although zones of hydrothermal dolo-
mite were identified, only sporadic pockets of sulphide
mineralization were intersected in drill core during these
programs.
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Paragenesis

The alteration and ore mineral assemblages in the Pine
Point mining camp have been documented by Skall (1975),
Kyle (1977, 1981), Krebs and Macqueen (1984), Rhodes et
al. (1984), Qing (1991), and Qing and Mountjoy (1994),
among others. The paragenesis of the alteration assemblages
is characterized in terms of its relationship to ore emplace-
ment, and is separated into three stages (pre-ore, main event
of ore deposition, and post-ore) (Fig. 7).

Pre-ore stage

The first widespread event of dolomitization of the rocks
in the Presqu’ile barrier was the recrystallization of limestone
to a fine-grained dolostone. This recrystallization event,
which occurred during early diagenesis, preserved the tex-
tures of fossils and sedimentary structures, allowing for iden-
tification of the protolith lithologies.

Following this widespread event of dolomitization,
hydrothermal fluids were channelled into select facies
within the carbonate barrier, fore-reef, and overlying units,
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subsequently causing fracturing and collapse within these
units and recrystallization of the fine-grained dolostone to
“Presqu’ile” dolostone (Skall, 1975). “Presqu’ile” dolostone
is characterized as a coarse-grained dolomite that hosts iso-
lated subrounded concentrations of insoluble residues, typi-
cally between 1 and 7 mm in diameter (Skall, 1975; Rhodes et
al., 1984). Krebs and Macqueen (1984) proposed that the
“Presqu’ile” stage of dolomitization did not occur during a
single fluid event, but rather resulted from complex superim-
posed processes of percolating surficial waters and ascending
hydrothermal fluids.

Succeeding the stage of “Presqu’ile” dolostone precipita-
tion, limestone remnants trapped between the dolomitized
fissures, fractures, and fragments were dissolved (Krebs and
Macqueen, 1984). Frequently, coarse-crystalline white “sad-
dle” dolomite is observed on the walls of the resulting vugs.

Main stage of ore precipitation

The main stage of ore mineral deposition is complex and
involved sulphide precipitation; solution, fracturing, and host
rock collapse; the deposition of carbonate sediments in karst
channelways; precipitation and replacement of dolomite in
voids and fractures; and local emplacement and sulphur-
ization of bitumen (Krebs and Macqueen, 1984; Fig. 7). The
typical paragenetic sequence of the sulphide mineralization is
marcasite followed by pyrite, sphalerite, and galena (Kyle,
1981). Although sphalerite is characteristically observed on
the surfaces of “pre-ore” dolomite phases, there is also evi-
dence for syngenetic precipitation of the two mineral phases,
as coarse-crystalline “saddle” dolomite is commonly inter-
layered with sphalerite.
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Post-ore stage

Following the main stage of ore deposition, further frac-
turing, dissolution, and dolomitization occurred along with
sulphide remobilization, calcite, celestite, fluorite, sulphur,
and bitumen emplacement (Kyle, 1981; Fig. 7). Typically,
the post-ore dolomite forms as coarse “saddle” dolomite
crystals along post-ore vugs and fractures, and as a late-stage
precipitate on the surfaces of euhedral sphalerite crystals
(Fritz, 1969; Krebs and Macqueen, 1984). The occurrence of
medium- to coarse-grained white calcite (commonly equant)
is restricted to the post-ore stage, and is a useful indicator
because of its widespread abundance (Krebs and Macqueen,
1984).

Sample classification

In the absence of sulphide mineralization, Krebs and
Macqueen (1984) reported that, with the exception of the
“Pre-ore” fine-grained dolomite and “Post-ore” white calcite,
it is not possible to distinguish carbonates that precipitated
either prior to, or during sulphide emplacement from carbon-
ates that formed after sulphide deposition. This factor proved
to complicate this study as the majority of the core that was
sampled does not contain sulphides (i.e. Hay West, Windy
Point, and Qito samples). Because of this, for consistency
across the study area, samples are classified by mineralogy ±
grain size (i.e. coarse-grained dolomite (which includes
Presqu’ile and saddle dolomite phases), medium- to coarse-
grained white calcite, sphalerite, fine-grained dolomite,
galena, and celestite) (Fig. 7).
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METHODOLOGY

Selection criteria for fluid inclusion
microthermometry

Criteria used to identify primary fluid inclusions conform
to those of Roedder (1984). Specifically, those fluid inclu-
sions observed in clusters containing similar liquid/vapour
ratios and showing no evidence of forming along healed frac-
tures, trapped between primary growth bands of the hosting
mineral, or isolated from other fluid inclusions and showing
no evidence of secondary origin or necking, were interpreted
to be primary in origin. In the cases where primary fluid inclu-
sions could not be identified, inclusions of pseudo-secondary
or secondary origin were recorded, and their respective phase
noted appropriately. In general, although pseudo-secondary
and secondary fluid inclusions were observed on occasion,
primary inclusions were the dominant fluid inclusion phase
observed in the samples.

Analytical technique

Fluid inclusion microthermometry analyses were con-
ducted on a THMSG600 Linkam stage at the University of
Alberta. 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 for heating to 300°C. Salinities were
calculated from final ice melting temperatures and are
reported as equivalent weight per cent NaCl (eq. wt. % NaCl)
using the equation of Bodnar and Vityk (1994). Composi-
tions of saline, CaCl2-NaCl rich fluids were determined
graphically using the NaCl-CaCl2-H2O ternary phase dia-
grams of Oakes et al. (1990, 1992).

Fluid inclusion characteristics

Two types of fluids (Type 1 and 2; described in the fol-
lowing section) are associated with the ore and gangue miner-
als in the vicinity of the Pine Point mining camp. Although
both fluid types have relatively low homogenization temper-
atures, Type 1 is a far more saline fluid type than Type 2. The
fluid inclusions that contain Type 1 and 2 fluids can be dis-
criminated on the basis of host mineralization and inclusion
size. The inclusions that contain Type 1 fluid are restricted to
dolomite and sphalerite and are typically <10 µm in size (Fig.
8a, b, c), although some large fluid inclusions were observed
(Fig. 8d). In contrast, those inclusions that contain Type 2
fluid are typically larger, commonly between 10 and 20 µm in
at least one dimension (Fig. 8e, f), and are observed only in
calcite and celestite.

RESULTS

Microthermometric analyses were conducted on fluid
inclusions hosted in dolomite ± sphalerite ± calcite from 25
drill core samples and one surface sample in the study area
(Fig. 2). Sample locations are shown in Figures 3 to 6, and
results of the analyses are presented in histogram form in Fig-
ures 9, 10, and 11 and numerically in Appendix A. Figure 12
summarizes all of the microthermometric results (collected
during this study as well as from previous studies) from the
four areas examined.

Microthermometric analyses

Type 1 Fluid

Eutectic melting and recrystallization phase changes were
observed in inclusions containing Type 1 fluid between -90
and -56°C, indicating the metastable to stable breakdown of
salt hydrates (i.e. antarcticite) in the NaCl-CaCl2-H2O fluid
ternary system (Davis et al., 1990). During further warming,
two different melting reactions were observed, the first being
the melting of hydrohalite between -56 and -40°C (Appendix
A). This range in hydrohalite melt temperatures (TmHh) indi-
cates that the weight fraction NaCl (NaCl/NaCl+CaCl2) is
<0.1; evidence that the salt hydrates in Type 1 fluid are domi-
nantly composed of CaCl2.

Upon further heating, or at temperatures above the disso-
lution of hydrohalite, ice melting was observed. Ice melt
temperatures (Tmice) were generally consistent between the
different dolomite phases (i.e. coarse-grained “Presqu’ile”
dolomite vs. coarse-grained “saddle” dolomite), however
some Tmice variation was observed between sphalerite and
dolomite. Sphalerite-hosted inclusions generally underwent
ice melting between -35 and -21°C (ave. = -27.1°C ± 3.8 [1σ],
n=42; Appendix A; Fig. 9a), whereas ice melting in dolo-
mite-hosted inclusions typically occurred between -32 and
-13°C (ave. = -24.4°C ± 5.3 [1σ], n=79; Appendix A; Fig.
10a). The average salinities of the inclusions hosted in
sphalerite and dolomite (calculated in terms of weight per
cent NaCl equivalent) overlap, and are 27.4 ± 2.5 [1σ] and
25.5 ± 3.7 [1σ], respectively.

Inclusions containing Type 1 fluid homogenized into the
liquid phase with increased temperatures (ThL). Two distinct
ThL populations exist for Type 1 fluid trapped in sphalerite;
53 to 67°C (ave. = 61°C ± 4.9 [1σ], n=7) for samples from the
Pine Point deposits, and 85 to 112°C (ave. = 97°C ± 13.6 [1σ],
n=16) for those from the Westmin property (Appendix A;
Fig. 9b). A span in ThL values is also recorded for fluid inclu-
sions hosted in dolomite, which range from 80 to 125°C (ave.
= 100°C ± 9.6 [1σ], n=82; Appendix A; Fig. 10b). The rela-
tively low ThL for sphalerite and dolomite may indicate these
minerals formed at shallow depths and therefore an adjust-
ment of only a few degrees is required to account for pressure
correction (Roedder, 1968). The appearance of the fluid
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Figure 8. a. Cluster of primary, liquid-rich fluid inclusions along the edge of a dolomite crystal (sample HW-79-11-33; C-421239).
Hydrohalite melting occurred between -56 and -48°C, while final ice melting ranged from -28 and -26°C. Fluid inclusion
homogenization spanned from 102 to 108°C; b. cluster of primary, liquid-rich inclusions hosted in coarse-grained dolomite (sample
O556-754-449'; C-421039). Hydrohalite melting occurred at approximately 52°C; ice melting ranged from -34.5 to -26°C.
Homogenization temperatures were tightly clustered between 99 and 101°C; c. two isolated, saline-liquid-rich inclusions hosted in
honey-yellow crystalline sphalerite from sample O556-754-507' (C-421041). Although the lower inclusion appears to have a tail,
which may indicate that it has undergone post-trapping modification (i.e., leakage), both inclusions recorded similar heating
behaviors: hydrohalite melting at >-50°C, final ice melting at -23°C, and vapour homogenization at 107°C; d. a small cluster of fluid
inclusions hosted in dark crystalline sphalerite from sample P499-783-395' (C-421051). Inclusions in this sample recorded melting
temperatures very similar to those in c, with hydrohalite melting occurring >-50°C and final ice melting at approximately -22°C.
Vapour homogenization temperatures were slightly lower than those of sample C-421041, ranging from 95°C to 96°C; e. two
isolated, liquid-rich inclusions hosted in the edge of a calcite crystal (sample N81-98-3208). Final ice melting temperatures were
between -1.0 and -0.4°C for the two samples. No homogenization temperatures were determined as both samples decrepitated
during the heating run; f. two-phase (vapour-liquid) inclusions in calcite growth band (sample Qito-Q5-27; C-421229). Inclusions
showed final ice meltouts that ranged between -5.2 and -3.9°C, and homogenized to the liquid phase between 105 and 116°C.
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Figure 11. Histograms of microthermometric measure-
ments of fluid inclusions in calcite. All fluids analyzed
in calcite conform to the Type 2 fluid. a. Histogram of
hydrohalite melting temperatures (TmHh); b. histogram
of final ice melting temperatures (Tmice); c. histogram
of homogenization temperatures (ThL).
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Figure 9. Histograms of microthermometric measure-
ments of fluid inclusions in sphalerite. All fluids analyzed
in the sphalerite conform to the Type 1 fluid. a. Histogram
of final ice melting temperatures (Tmice); b. histogram of
homogenization temperatures (ThL).

Figure 10. Histograms of microthermometric measure-
ments compiled from fluid inclusions in dolomite. All
fluids analyzed in the dolomite conform to the Type 1
fluid. a. Histogram of final ice melting temperature (Tmice);
b. histogram of homogenization temperatures (ThL).



inclusions, along with the reproducibility of the data suggests
that the observed variation in Th is genuine and is not a func-
tion of post-entrapment modification of the inclusions.

Type 2 Fluid

Two phases of melting and recrystallization were con-
strained during cooling runs for Type 2 fluid. The first dis-
tinct phase change was the dissolution of hydrohalite (Hh),
which melted over the temperature range of -28 to -19°C
(ave. = -23.7°C ± 2.1 [1σ], n=49), with rare values as low as
-31°C (Appendix A; Fig. 11a). This spread in the hydrohalite
melting temperatures indicates that the weight fraction NaCl
(NaCl/NaCl+CaCl2) varies between 1 and 0.40 for Type 2
fluid. Ice melting followed the dissolution of hydrohalite and

occurred between -16 and 0°C (ave. = -6.4°C ± 3.5 [1σ],
n=66; Appendix A; Fig. 11b), which constrains the average
salinity (calculated in terms of weight per cent NaCl equiva-
lent) of Type 2 fluid to 9.3 ± 4.6 [1σ].

Homogenization temperatures (ThL) of Type 2 fluid form
two populations: the first population spans from 58 to 105°C
(ave. = 78°C ± 11.6 [1σ], n=18) and consists of analyses from
Westmin and Pine Point samples, whereas the second popula-
tion spans from 100 to 116°C (ave. = 109°C ± 6.40 [1σ], n=5)
and is made up of analyses from the Qito area (Fig. 11c). As
determined for Type 1 fluid, the overall low ThL of Type 2
fluid is supporting evidence for the trapping of fluids at rela-
tively shallow depths, indicating that only a small tempera-
ture adjustment is required to account for pressure correction.
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DISCUSSION

The composition of Type 1 fluid, as determined from pri-
mary and pseudosecondary fluid inclusions, shows very little
variation in the mean hydrohalite and ice melting tempera-
tures over the area (approx. 8,500 km2) covered by the study
(Appendix A; Fig. 12). This saline, CaCl2-rich, low-tem-
perature fluid type was observed only in sphalerite and
(commonly associated) dolomite, and therefore was direct-
ly involved in the processes that deposited the metals. In con-
trast, Type 2 fluid consistently has lower salinities and higher
NaCl to CaCl2 ratios than Type 1 fluid across the study area.
These data suggest that a distinctly different fluid was
responsible for the deposition of sphalerite and dolomite
from that of calcite and celestite. This interpretation is con-
sistent with the observed mineral paragenesis where white
calcite and celestite were precipitated later than the hydro-
thermal dolomite and sulphide mineralization.

Although a distinct difference was observed in the com-
positions of Type 1 and 2 fluids, discrimination of the two
fluid types on the basis of homogenization temperature was
not possible. The similarities in the relatively low homogeni-
zation temperatures may however indicate that both fluid
types were trapped at relatively shallow (and potentially simi-
lar) conditions. This further suggests that the fluid conditions
remained comparatively similar during the multiple events of
hydrothermal mineral deposition; supportive evidence that
the area in the vicinity of the Pine Point mining camp did not
undergo significant tectonic instability during and after ore
mineralization.

CONCLUSIONS

Microthermometric fluid analyses of gangue and sulphide
minerals associated with carbonate-hosted lead-zinc mineral-
ization to the south and west of Great Slave Lake identified
two fluid types. Type 1 fluid, which occurs in dolomite and
sphalerite, is a high salinity (CaCl2-rich), low-temperature
fluid that was directly involved in the processes that dep-
osited the metals. Type 2 fluid, a low-temperature, moder-
ately saline fluid type (higher weight fraction of NaCl than
that of Type 1 fluid) is observed only in calcite and celestite
and is not tied to the event of ore deposition. The homogeni-
zation temperatures for the two fluid types are relatively low,
evidence that both fluid types were trapped at relatively
near-surface conditions.
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