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INTRODUCTION
A stream sediment and water geochemistry study was initiated as part of the Geological Survey of
Canada’s GEM2 Mackenzie Project, Southern Mackenzie Surficial Activity, in the Hay River – Kakisa Lake
area of southern Northwest Territories (Fig. 1). This study addresses the scientific question: "Is there
potential for carbonate-hosted Pb-Zn deposits hidden beneath thick glacial overburden between Hay River
and Kakisa Lake/Fort Providence?" Previous non-renewable resource assessments carried out by the
Northwest Territories Geological Survey (NTGS) in the Trout Lake (Watson, 2011a), Kakisa Lake (Watson,
2011b) and Jean Marie River (Watson, 2013) areas reported the presence of sphalerite and galena grains
in the heavy mineral fraction of numerous till samples collected. Elevated sphalerite and galena grain
counts occur over a broad area extending nearly 400 km west of the past-producer Pine Point lead-zinc
mine.

Figure 1. Location of the Mackenzie Project area in northwest Canada (purple polygon) and Southern Mackenzie Surficial
Activity represented by the green dot.

The goal of collecting bulk stream sediment samples for recovery of heavy minerals is to document
the indicator mineral patterns across the region and better understand any possible link between
previously reported sphalerite and galena grains, dispersal from the Pine Point Mine and other unknown
mineralization. Both stream sediments and waters are products of the environment in which they are
found. Erosion and weathering of nearby bedrock and surficial deposits (predominately glacial till),
provide sediment which interacts with flowing water producing the streambed and banks. Drainage
morphology and hydrology, as well as the physical properties of the source sediment, dictate the nature
and distribution of stream sediments. Sphalerite, galena and numerous other indicator minerals (IM) are
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recovered in the heavy mineral concentrate (HMC) fraction of stream sediments. The mineral exploration
industry and government geological surveys have successfully used stream sediment sampling programs
to evaluate the mineral prospectivity of areas of interest (Friske and Hornbrook, 1991). Field activities for
this study were carried out in July 2017 and were based in Hay River, NT. Approximately half of the stream
sediment sample sites were road accessible and were visited by truck, while a helicopter was used to access
more remote sites (Fig. 2).

Figure 2. Stream sediment sample locations; dark orange dots represent sites where bulk sediment, silt sediment and water samples
were collected in 2017, light orange dots represent sites where bulk sediment and water samples were collected in 2017, small
orange squares show 4 sites sampled in 2010 as part of a previous study (McClenaghan et al., 2012). Note sample numbers on
figure are abbreviated. East of 120° W sample numbers begin with “085” while samples west of 120° W begin with “095”. Bedrock
geology base modified from Okulitch, 2006 and mineral occurrences (crossed-picks symbol) derived from NORMIN.DB
(www.nwtgeoscience.ca). Bedrock legend on page 2 of Appendix C. pagesize figures/OF 8362 - Figure 2.pdf

Samples collected as part of this activity followed the GSC’s former National Geochemical
Reconnaissance (NGR) programme’s standard set of sample collection and analytical techniques (Friske
and Hornbrook, 1991), in order to ensure consistent and reliable results regardless of the area, date of the
survey or the analytical laboratory used.
This open file reports field site observations, sample collection methods, bulk sediment sample
processing methods and heavy mineral laboratory data . A subsequent Open File will report geochemical
data for stream water, stream silt sediment, <0.25 mm fraction heavy mineral concentrate, and indicator
mineral electron microprobe data as well as all data included in this publication.

REGIONAL SETTING
Location and physiography
The study area extends from the historical Pine Point mining district 80 km east of Hay River
(proximal to the Canadian Shield), westward to the Liard River and south of Great Slave Lake and the
Mackenzie River. It is situated in the Great Slave Plain physiographic region of the Western Interior Plains
(Bostock, 1970). Streams and rivers in this region drain northward from the Cameron Hills and Caribou
Mountains of the Alberta Plateau. The low-relief geomorphology of the region reflects relatively flat
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bedrock topography that is overlain by glacial and proglacial sediments (in places >150 m thick) deposited
by the advance and retreat of the Keewatin sector of the Laurentide Ice Sheet.
Bedrock geology
This study area is situated in the Western Canada Sedimentary Basin (WCSB), which consists of a
wedge of Phanerozoic sedimentary rocks that overlap the Precambrian craton and thicken westward to
the deformed belt of the Cordillera (Porter et al., 1982; Okulitch, 2006). Two major sedimentary
successions constitute the fill of the WCSB. The older and deeper succession consists dominantly of
Paleozoic marine carbonates which were later buried by shallow marine and nonmarine clastic sediments
of Mesozoic age. Both sedimentary successions have been affected by cratonic arches and faulting in the
underlying crystalline Proterozoic basement. In the southern Northwest Territories this faulting is most
prominently displayed by the northeast-southwest trending Great Slave Lake Shear Zone and other
subparallel fault zones (Eaton and Hope, 2003).
Most of the study area is underlain by Middle to Upper Devonian carbonate rocks with Mississippi
Valley-type Pb-Zn mineralization at Pine Point and elsewhere hosted in Middle Devonian reef complexes
and platformal carbonates (Hannigan, 2006a). Within the carbonate successions, linear reef-like buildups
of carbonates underwent dolomization to form the Presqu’ile barrier (Kyle, 1981; Rhodes et al., 1984),
which is associated with major bedrock structures, such as the Great Slave Lake Shear Zone and Tathlina
Fault Zone (Okulitch, 2006). The southernmost portion of the study area, south of Tathlina Lake and
incorporating the northern edge of the Cameron Hills, consists of Lower Cretaceous Fort St. John Group
marine shales (Okulitch, 2006). Five kimberlitic intrusions were recently discovered south of Jean Marie
River and are considered part of a cluster of 29 kimberlite bodies discovered near Fort Simpson (Watson,
2013; Pitman, 2014).
Quaternary geology
The study area was inundated by the Laurentide Ice Sheet during the late Wisconsin (~24-10 14C
ka BP; Dyke and Prest, 1987; Dyke, 2004). Prominent glacially streamlined landforms (flutings and
drumlins) indicate a general southwest ice flow across the study area. In contrast, around the Pine Point
mine bedrock striae (Oviatt et al., 2015) and clast fabric measurements (Rice et al. 2013) record at least 3
ice flow trajectories: earliest to the southwest (230°), intermediate to the northwest (300°), and a final
west-southwest (250°) flow. West of Hay River, the flow of the Laurentide Ice Sheet was influenced by the
rising topography of the deformed belt of the Cordillera and was deflected south-southwestward across
the Cameron Hills and Trout Lake uplands, and northward down the Liard and Mackenzie river valleys.
During deglaciation, retreating ice became increasingly topographically confined and prominent
glacial lobes extended south and west down the Hay and Mackenzie river valleys, respectively. Ice
retreated from the study area between 11-10 14C ka BP (Dyke, 2004; Oviatt and Paulen, 2013). Blockage of
regional drainages and impoundment within glacioisostatically depressed basins led to the formation of a
series of glacial lakes (Mackenzie, Hay, Peace, Great Bear) that eventually merged along the retreating ice
margin to form the expansive glacial Lake McConnell (Lemmen et al., 1994). The majority of surficial
material in the area is till, variably overlain by littoral or nearshore sediments formed by the reworking of
previously deposited material (i.e., till) within glacial Lake McConnell. The modern surface is covered by
expansive peat bogs and fens in lowland regions, underlain by discontinuous permafrost with active
thermokarst features (Paulen et al., 2017).
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METHODS
Prior to commencing fieldwork, potential stream sediment sample sites were preselected to ensure
that a reasonable coverage of samples could be obtained with the available budget. Bulk stream sediment,
silt sediment, and water samples were collected from 31 sites, resulting in 32, 23, and 32 field samples
respectively. Figure 3 illustrates the field equipment used and samples collected at a typical stream bulk
sediment and water site. Ideally, at every stream sample site, an on-site (0.45 μm) filtered water sample, a
grab sample of silt-sized sediment, and a wet-sieved bulk sediment sample are collected. The (<2 mm fieldsieved) bulk sediment samples were processed to obtain the HMC fraction, from which indicator minerals
–including sphalerite and galena were counted and representative grains picked from each sample.
Indicator mineral grains of interest will be analysed to obtain their chemistry and isotopic composition
which will assist in determining bedrock source and mineral potential.

Figure 3. Field gear used and samples collected at a typical bulk stream sediment and water site. 1) two 60 ml water samples
(filtered on site with 0.45 µm filter), 2) YSI Professional Plus multi-parameter water meter, 3) silt-size stream sediment sample
(~ 2 kg wet), 4) #10 mesh (2 mm) sieve, 5) gold pan with weigh scale, 6) steel shovel, 7) bulk stream sediment (12+ kg of ≤2 mm
sediment), 8) #2 mesh (10 mm) sieve, 9) bucket with extra supplies (silt bags, bulk sediment bags, water bottles, etc.), 10) bucket
lined with pre-labeled sample bag (not yet stretched tightly about the bucket opening).

Site-specific field observations, including GPS location and photographs were recorded using a customised
FileMaker Go data entry form running on an iPad. Navigation to and between sites was managed using
navigation apps running on the same iPad.
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Sample collection
Field data
For every sample collected, analysed and ultimately archived, a unique sample number was
assigned at the time of collection. This unique identifier follows the sample through the analyses and
publication cycle, as well as any subsequent sample re-analyses. The NGR sample number is a
concatenation of National Topographic System (NTS) map sheet, year of collection, field party number, and
a three-digit sequential number. For example, “085C-2017-1002” represents sample 002 collected by field
party number 1 in 2017 in the NTS mapsheet 085C. Bulk-sediment sample unique identifiers were assigned
an additional appendix of BS, for example “085C-2017-1002BS”.
Prior to initiation of the survey target sample sites were preselected and uploaded to a Garmin
GPSMAP 76 series GPS unit, that was used to record daily truck/helicopter traverse tracks and to an Apple
iPad running FileMaker Go and various navigation applications.
At each sample site, a series of site-specific observations were recorded. The tablet-based data
collection system utilises a built-in camera and GPS capability along with a touch screen for easy data entry
into a database format. Data fields in the FileMaker Go form, match the previous standard NGR paper-based
field card data collection system, thus ensuring the observations would be comprehensive and consistent
for every site as well as compatible with the larger NGR database. Screen captures of a completed FileMaker
Go form with field code explanation for site-specific field data (e.g., 085C_2017_1002), is in Appendix A.
Upon completion of the sampling program, field data were downloaded to a FileMaker Pro
database, then exported to Microsoft Excel spreadsheet and formatted for publication. Field data and
photos taken at each sample site are listed in Appendix A.

Bulk stream sediments (for Heavy Mineral Concentrates)
The ideal site for collecting bulk stream sediment -processed for the heavy mineral concentrate
fraction, is a reasonably well-sorted, high-energy, mid-channel environment where there is sufficient
gravel to permit the entire sample to be taken from the same hole dug into the streambed. Over the course
of the field campaign, samples were collected from a variety of environments including large gravel bars
(longitudinal, transverse and point bars) in rivers, boulder traps, and tiny pools of sediment in rocky
narrow streams. Where possible, the upstream head of active longitudinal bars were preferentially
selected.
Roughly 12–15 kg of ≤2 mm stream sediment was collected by wet-sieving onsite into a 22.7 litre
(5-gallon) pail lined with a pre-labeled, heavy duty polyethylene bag measuring 46x61 cm (18x24 inches,
4 Mil) and closed with a coloured cable-tie. The sample was then placed into a second polyethylene bag for
greater protection and closed with a coloured cable-tie looped through a Tyvek tag pre-labeled with the
sample number. At the end of each day, samples were catalogued and packed into 5 gallon pails for direct
shipping to a commercial lab for preparation and analysis.

Sample preparation
Heavy Mineral Concentrates
Stream sediment samples were shipped to Overburden Drilling Management Limited (ODM),
Ottawa, for heavy mineral separation and analysis. The unmodified laboratory report produced by ODM is
presented in Appendix B. Before tabling, a 500 g character subsample was removed from each sample and
archived.
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Two GSC in-house blank samples were inserted into the batch to monitor potential carry-over
contamination in the indicator mineral processing laboratory: 085B-2017-1001-BS and 085D-20171001-BS. The blanks consist of weathered Silurian-Devonian granite (grus) of the south Nepisiguit
River Plutonic Suite (Wilson, 2007) collected in the Miramichi Highlands, New Brunswick
(McClenaghan et al., 2012; Plouffe et al., 2013). The material is unconsolidated and has the appearance
of moderately sorted monolithic sand; it has no precious or base metal indicator minerals, except for
rare gold grains (Plouffe et al., 2013).
The <2.0 mm fraction of each sample was processed to produce a non-ferromagnetic heavy
mineral concentrate, from which indicator minerals can be identified, following the procedures outlined
in Figure 4. Weights for all products are reported in Appendix B. First, the <2.0 mm material was passed
over a shaking table and the table preconcentrate was recovered and micropanned to recover fine grained
gold, sulphides, and other very heavy indicator minerals (e.g. cassiterite, galena). The minerals in the
panned concentrates were counted and their size recorded. The shape of the gold grains were classified
according to the scheme of DiLabio (1990). The minerals panned were returned to the sample and the
preoncentrates were then sieved at 0.25 mm. The 0.25 to 2.0 mm pre-concentrate was then further
refined using heavy liquid separation in methylene iodide diluted to a specific gravity (SG) of 3.2. The
ferromagnetic fraction was removed from the 0.25-0.5 mm, >3.2 SG fraction using a hand magnet. The
remaining non-ferromagnetic heavy mineral fraction was sieved into three size fractions: 0.25-0.5, 0.51.0, and 1.0-2.0 mm. The <0.25 mm fraction of each sample was processed to recover the nonferromagnetic fraction and then set aside for geochemical analysis. The 0.25-0.5 mm, >3.2 SG fraction
was subjected to paramagnetic separations using a Carpco® magnetic separator to produce <0.6 amp
(strongly paramagnetic), 0.6 to 0.8 amp (moderately paramagnetic), 0.8 to 1.0 amp (weakly
paramagnetic), and >1.0 amp (non-paramagnetic) fractions to assist counting and picking indicator
minerals. The 0.25-0.5 mm fraction was cleaned with oxalic acid to remove oxidation stains (tarnish)
from the grains and restore their natural colour, a critical step for optical identification of readily
oxidized sulphide minerals.
The 0.25-0.5, 0.5-1.0, and 1.0-2.0 mm non-ferromagnetic fractions of each sample were
examined under a binocular microscope by trained personnel at ODM. Indicator minerals, including
kimberlite indicator minerals, as well as ODM’s suite of magmatic or metamorphosed massive sulphide
indicator mineral (MMSIM®; Averill, 2001) were counted. The visual identification of a number of
limited mineral grains were verified with a scanning electron microscope (SEM).
Bulk stream sediment samples were processed for their HMC content, indicator minerals counted and
picked by:
Overburden Drilling Management (ODM) Limited
15 Capella Court, Unit 107,
Ottawa, Ontario K2E 7X1
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Figure 4. Standard NGR bulk stream sediment processing flowsheet for Indicator Minerals in HMCs, grey boxes represent data
generation stage, modified from Averill, S.A. and McClenaghan, M.B., 1994.
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RESULTS
Preliminary interpretations
As stated above, only data derived from the heavy mineral concentrate (HMC) portion of the bulk
stream sediments are presented in this publication. At the time of publication, geochemistry of the <0.25
mm non-magnetic fraction of the HMC, and KIM and selected MMSIM grain geochemical analyses had not
yet been completed.
Figures illustrating selected indicator mineral grain counts for pyrope garnet, chalcopyrite,
sphalerite, galena and scheelite are included in this data release. Note, values on the figures are normalised
to 50 grams for this dataset and are not the raw count data in KIM or MMSIM Count worksheets in Appendix
B. Figure 5 is a map with pie symbols illustrating the raw weights of each of the heavy mineral fractions:
ferromagnetic, <0.25 mm, 0.25 mm to 0.5 mm, 0.5 to 1.0 mm and 1 to 2 mm. The total area of the pies for
each site is a ratio of total weight of HMC to the weight of the <2 mm table feed (Table 1), and is a simple
way to visually display variability of HMC content stream sediment sites.
Hydrodynamic forces active within a flowing stream are the result of drainage morphology and
hydrology, which combined with the physical properties of the sediment dictate the nature, movement,
distribution and entrainment of sediments. Variability of HMC content of stream sediments within sites as
well as between sites suggests that a more effective way to normalise indicator mineral counts is to use the
weight of the heavy mineral fraction weight rather than the weight of the total sample (<2 mm table feed).
Table 1. Summary statistics for the ratio of total HMC weight (g) to the preconcentration bulk sediment (<2
mm table feed) (kg)

Statistic

HMC wt(g)/
table wt(kg)

minimum

1.7

10 %ile

2.5

25 %ile

3.8

50 %ile

6.3

75 %ile

7.8

90 %ile

9.4

95 %ile

10.2

98 %ile

13.3

maximum

17.1

range

15.4

mean

6.3

standard deviation

3.2
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Figure 5. Map illustrating HMC content of bulk steam sediment samples. Area of each pie spot is proportional to the ratio of total
HMC weight (grams) to the pre-concentration bulk sediment table weight (kilograms) and the slices of each pie are proportional to
the ratio of each HMC fraction to the total HMC weight for each site. Bedrock geology base modified from Okulitch, 2006 and
mineral occurrences derived from NORMIN.DB (www.nwtgeoscience.ca).

Economic mineral implications
Base-metal potential
Chalcopyrite
The presence of chalcopyrite (CuFeS2) grains in previous till surveys conducted in the Trout LakeKakisa area by NTGS (Watson, 2011a; Watson, 2011b; Watson, 2013) posed an intriguing question of
provenance. Bedrock lithologies underlying the study area are essentially an undeformed sedimentary
package of Paleozoic carbonates and Mesozoic shales, siltstones and sandstones cross-cut by the NE-SW
trending Great Slave Lake Shear Zone and several significant subparallel fault structures (Eaton and Hope,
2003).
Normalised and plotted chalcopyrite grain counts in the 0.25-0.5 mm HMC fraction of stream
sediments (Fig. 6) show an arcuate trend of elevated values from a sample on the Hay River
(085D_2017_1002) to sample 085E_2017_1006, some 200km the west-northwest. A single copper-zinc
mineral occurrence, Moisey (095GSE001, NORMIN.DB) is located within the study area, adjacent to the
Liard River, and is described as Kipushi/Manto-type mineralization hosted in the carbonate and shale units
of the Upper Devonian Fort Simpson Formation. Note, the Moisey site cannot be the source of the elevated
HMC chalcopyrite grains as it is situated glacially down-flow, at the western edge of the study area. The
arcuate chalcopyrite trend is either coincident with, or is proximal to the same host lithologies and
warrants further investigation as to whether the chalcopyrite grains recovered from the stream sediment
HMC samples are genetically related. Concurrent till sampling/ice-flow studies and indicator mineral grain
chemistry investigations will provide complimentary data to better understand the potential bedrock
source(s) of the chalcopyrite grains in the stream sediments.
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Figure 6. Number of chalcopyrite grains in stream sediment HMCs. Data are normalised to number of grains per 50 grams of
picking fraction (0.25 – 0.5 mm non-mag HMC). Bedrock geology base modified from Okulitch, 2006 and mineral occurrences
derived from NORMIN.DB (www.nwtgeoscience.ca).

Sphalerite and Galena
Sphalerite ((Zn,Fe)S) and galena (PbS) mineralization has long been known and exploited in the
past-producer Pine Point Pb-Zn mining district. Carbonate-hosted sphalerite and galena outcrop in the
Pine Point area, however to the west of the Buffalo River there have been no documented cases of
mineralization at bedrock surface, only reports of sphalerite and galena mineralization at depth in
drillcore.
The recognition in numerous oil test wells in the Tathlina area of well-developed Presqu’ile type
alteration, and similar lithofacies and trends to those developed at Pine Point within Middle Devonian
carbonate stratigraphy, suggested additional regional potential for Pb-Zn mineralization (Cominco,
1980a). This led to staking of a number of claims in the mid to late 1970s, including Hay West (Cominco
Ltd., Pine Point Mines Ltd., Acquitaine Co. of Canada Ltd. and Samim), Gulf Minerals of Canada, Windy Point
(Pine Point Mines Ltd.) and Qito (Cominco Ltd. and Pine Point Mines Ltd.; Fig. 7). Exploration programs
included soil geochemical surveys, diamond drill holes with in-hole and core logging, and gravity and
induced polarization (IP) surveys. Of relevance to the study at hand is the documentation of evidence for
widespread Pb-Zn mineralization within presqu’ilized carbonate and limestone units, and of particular
importance whether such materials outcropped at bedrock surface, or were only revealed in core at depth.
The following briefly summarizes the results for the four previous mineral claims in and around the
Tathlina Fault Zone.
Hay West
A total of 31 diamond drill holes were completed in 1979 and 1980, totalling almost 25 000 m in
length (Cominco, 1980a). Core localities situated on top of the carbonate platform, along which the highway
is oriented, had overburden thicknesses of 1-6 m, while those north and south of the platform reported
overburden thicknesses of 30 to >150 m. Core logs generally do not describe the sedimentology of the
overburden layer, although a few exceptions noted the increased concentration of carbonate and
Precambrian granite boulders immediately overlying the bedrock contact. It is considered likely that
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overburden in the Hay West claim block consists of glaciolacustrine sediments overlying thick, possibly
multiple till facies (cf. Rice et al., 2013).
Minor lead and zinc mineralization was reported in 108-133 m thick sections of presqu’ilized reef
facies of the Pine Point Group, situated 300 to 400 m below the uppermost bedrock contact. Aside from
this, only trace amounts of Zn and Pb mineralization were encountered as minor sphalerite and galena in
limestone interbeds within the overlying Hay River shales (Cominco, 1980a). Bulk sample concentrations
of Zn and Pb in near-bedrock surface core samples are typically <70 and <4 ppm, respectively. No reports
of significant Zn-Pb mineralization in the uppermost bedrock were made.
Gulf Minerals Canada Ltd.
For similar reasoning as that of the Hay West claims, Gulf Minerals Canada Ltd. (1979) blind
searched for Pb-Zn deposits within presqu’ilized Middle Devonian carbonates in proximity to the Tathlina
Uplift and the northeasterly trending Tathlina Fault. Exploration included 8 diamond drill holes and an
electromagnetic survey. Overburden thicknesses reported in cores situated north of the carbonate
platform ranged from 60-150 m, while those situated on the platform reported 0-7 m. Between 200 and
450 m of Hay River Formation shales overlie Slave Point Fm. and other Pine Point Group carbonates. Only
low intensity geochemical anomalies of Pb and Zn were reported in the cores, and their occurrence was
strongly correlated with stratigraphy, most significantly in areas of the Pine Point Group carbonates having
undergone Presqu’ile-type dolomitization. It was also noted that thickest sequences of Presqu’ile
dolomitization were associated with hingelines, including one such site intersecting the Tathlina Fault at
30° and a second at the Heart Lake Fault, which intersects the Tathlina Fault at 60° (Fig. 7)
Windy Point
Pine Point Mines Ltd. (1980) undertook a diamond drill program in the Windy Point claim block,
drilling 27 holes. Overburden thicknesses are considerably less here, ranging from 6-17 m. Uppermost
reported bedrock is typically shale or sandstones, but carbonates, including those exhibiting
presqu’ilization are found within 14-60 m of the upper bedrock surface, and karst collapse features
extending upwards to the bedrock-overburden contact are also reported. Uppermost reported bedrock
geochemical assays report highly variable Zn (6-1600 ppm) and Pb (<4-1200 ppm) concentrations, and
often higher concentrations within discrete stratigraphies at lower depths, up to 4000 and 21 000 ppm Zn
and Pb, respectively.
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Figure 7. Location of historical mineral claims in the vicinity of the Tathlina Fault Zone. Other regional fault trends indicated
(adapted from Hannigan, 2006b), Black star identifies the general location of the historic Pine Point mines.

Qito
The Qito claim was jointly owned by Cominco and Pine Point Mines Limited. Exploration included
a soil geochemical survey (undertaken in 1976), Induced Polarization (IP) surveys (undertaken in 1977
and 1978), and 10 diamond drill holes undertaken in 1980 (Cominco, 1980b). Overburden thicknesses
within the claim are <5 m, and the northern half of the claim is underlain mainly by upper Pine Point Group
carbonates, while the southern half is underlain mainly by presqu’ilized Slave Point carbonates; shales of
the Hay River Fm. occur along the western property boundary.
The soil geochemical survey identified a 1.0 by 2.5 km zone of anomalous to very anomalous Pb
and Zn geochemical values (up to 395 and 3270 ppm, respectively), which is considered to relate to trace
to minor amounts of galena and sphalerite mineralization encountered in some of the drill holes (Cominco,
1980b). It was suggested that the area holds the potential for near-surface low-grade galena and sphalerite
deposits.
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Stream sediment HMCs
The presence of elevated spalerite and galena grain counts in stream sediment HMCs documented in this
study (Figs. 8 and 9), distal to Pine Point deposits, is significant in that it implies that the Laurentide Ice
Sheet eroded and entrained sphalerite and galena mineralization exposed at bedrock surface up-ice of
these stream sediment sample sites with elevated grain counts.

Figure 8. Number of sphalerite grains in the 0.25-0.5 mm heavy mineral concentrate of stream sediments normalised to number of
grains per 50 grams of picking fraction (0.25 – 0.5 mm non-mag HMC). Bedrock geology base modified from Okulitch, 2006 and
mineral occurrences derived from NORMIN.DB (www.nwtgeoscience.ca).

Figure 9. Number of galena grains in the 0.25-0.5 mm heavy mineral concentrate of stream sediments normalised to number of
grains per 50 grams of picking fraction (0.25 0.5 mm non-mag HMC). Bedrock geology base modified from Okulitch, 2006 and
mineral occurrences derived from NORMIN.DB (www.nwtgeoscience.ca).
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The highest grain counts in stream sediments is site (085B_2017_1005) for both sphalerite and
galena is on the Buffalo River immediately down-ice (west) of the Pine Point mine. The next 5 samples
further west of the Buffalo River do not show a continuation of these elevated concentrations suggesting a
short attenuation of the Pine Point glacial westward dispersal anomaly. Samples taken from the Hay River
(085C_2017_1002) and Kakisa River (085C_2017_1002), however, have similar very high values for
galena, while a NE-SW trend of three samples (085F_2017_1002, 085D_2017_1002 and 085D_2017_1003)
trending parallel to -and between the Rabbit Lake Fault Zone and Tathlina Fault Zone also have are the
high sphalerite contents. The sample site on the Kakisa River also contains high numbers of chalcopyrite,
barite, and pyrite grains.
Scheelite
Scheelite (CaWO4) and cassiterite (SnO2)are two minerals which were not be expected to be
present in stream sediment HMCs beause of the underlying bedrock lithologies. Both minerals are
physically robust and known to survive glacial and stream transport (e.g., McClenaghan et al. 2016, 2017).
Scheelite (Fig. 10) is much more abundant than cassiterite in the stream sediment samples and was
recovered from the 0.25-0.5 mm heavy mineral fraction Cassiterite is finer grained (mostly <100 µm) and
was recovered only from the pan concentrate fraction. Scheelite grain counts are the highest along a trend
parallel to the Rabbit Lake Fault Zone (RLFZ) immediately west of Kakisa Lake, while the only sites with
cassiterite are just west of and parallel the Great Slave Lake Shear Zone (GSLSZ) running from the Buffalo
River north of Buffalo Lake to the eastern flank of the Cameron Hills. The significance of scheelite and
cassiterite in the stream sediments undetermined, however future mineral chemistry studies may shed
some light on provenance and potentially glacial transport history.

Figure 10. Number of scheelite grains in the 0.25-0.5 mm heavy mineral concentrate of stream sediments normalised to number of
grains per 50 grams of picking fraction (0.25 – 0.5 mm non-mag HMC).. The location of three samples that contain cassiterite in the
pan concentrate are indicated with text. Data are Bedrock geology base modified from Okulitch, 2006 and mineral occurrences
derived from NORMIN.DB (www.nwtgeoscience.ca).
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Diamond potential
Numerous kimberlite pipes have been identified and prospected for their diamond potential in an
area extending from south and west of Jean Marie River to west of Fort Simpson (Pitman, 2014). To date
no kimberlites tested in this area have been shown to be economically diamondiferous. Northwest
Territories Geological Survey studies of glacial till (Watson, 2011a, b) in the area reported KIMs in nearly
half of their till samples - with the majority of the samples only containing a single grain. A stream sediment
survey (Day et al., 2005) conducted on the Horn Plateau, 30 to >100 km from the kimberlite field, yielded
3,744 KIMs in 326 bulk stream sediment samples. Pyrope garnet, eclogitic garnet, chrome diopside, Mgilmenite, chromite and forsteritic olivine were all present to varying degrees with pyrope garnet being the
most abundant. Of note, one dull-grey diamond was recovered from the 0.5 - 1.0 mm fraction of sample
095H_2005_2016 in the Day et al. (2005) survey. This grain is the only diamond ever recovered from an
NGR sample.
The 2017 stream sediment samples collected as part of the current study contained few KIMs; 34
KIMs and 8 low-chrome diopsides in the 34 samples (Fig. 11). Pyrope garnet counts are limited to single
digits and are the only notable potential KIM in stream sediments in the study area. The KIMs present in
the two sites in NTS 095G are down-ice (southwest)of the Olivut HOAM kimberlites and may represent
part of the same glacial dispersal train reported by Watson (2011a). Up-ice of the only known kimberlites
in or proximal to the study area are several stream sediment samples that contain one or two pyrope
grains. One other site that is just south of Kakisa Lake has a similar normalised pyrope garnet count. but
with no known kimberlite up ice. Overall, the KIM data reported here indicate that the diamond potential
of the study area is low.
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Figure 11. Number of pyrope garnet grains in the 0.25-0.5 mm heavy mineral fraction of stream sediment samples collected as part
of this study and from the Horn Plateau (outlined by thin black line) and reported in GSC Open File 5478. All data are normalised
to number of grains per 50 grams of picking fraction (0.25 – 0.5 mm non-mag HMC). Bedrock geology base modified from
Okulitch, 2006 and mineral occurrences derived from NORMIN.DB (www.nwtgeoscience.ca).

SUMMARY
This reconnaissance stream sediment study presents heavy mineral and indicator mineral results
from stream sediment samples collected in a previously unsampled and unmapped region of the southern
Northwest Territories. The data presented in this Open File show that there is potential for Zn-Cu-Pb
mineralization occurring on the bedrock surface west of the Hay River and south of the Mackenzie River,
in a region with no known mineral occurrences occurring on the bedrock surface. This GSC Open File
compliments a much larger till sample survey that will be released later in 2018 (see Paulen et al., 2017).
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Gé ographie physique et Quaternaire, 41: 237–263.
Eaton, D.W., and Hope, J. 2003. Structure of the crust and upper mantle of the Great Slave Lake shear zone,
northwestern Canada, from teleseismic analysis and gravity modelling. Canadian Journal of Earth Sciences,
40: 1203–1218.
Friske, P.W.B. and Hornbrook, E.H.W. 1991. Canada's National Geochemical Reconnaissance programme;
Transactions of the Institution of Mining and Metallurgy, London, Section B; Volume 100, p. 47-56.
Gulf Minerals Canada Limited, 1979. Assessment Report 081059; Geological, geochemical, geophysical
report for the Tathlina Exploration Program (Tathlina 1 and That 2-36 Mineral Claims).
Hannigan, P.K., 2006a. Introduction; in Potential for Carbonate-hosted Lead-zinc Mississippi Valley-type
Mineralization in Northern Alberta and Southern Northwest Territories: Geoscience Contributions,
Targeted Geoscience Initiative, (ed.) P.K. Hannigan; Geological Survey of Canada, Bulletin 591, p. 9–39.
doi:10.4095/222883
Hannigan, P.K., 2006b. Synthesis of Mississippi Valley-type lead-zinc deposit potential in northern Alberta
and southern Northwest Territories; in Potential for Carbonate-hosted Lead-zinc Mississippi Valley-type
Mineralization in Northern Alberta and Southern Northwest Territories: Geoscience Contributions,

18

Targeted Geoscience Initiative, (ed.) P.K. Hannigan; Geological Survey of Canada, Bulletin 591, p. 305–347.
doi:10.4095/222883
Kyle, J.R. 1981. Geology of the Pine Point lead-zinc district. In Handbook of strata-bound and stratiform ore
deposits; Edited by K.H. Wolf, Elsevier Publishing Company, New York, 9: 643–741.
Lemmen, D.S., Duk-Rodkin, A. and Bednarski, J.M. 1994. Late glacial drainage systems along the
northwestern margin of the Laurentide Ice Sheet; Quaternary Science Reviews, 13: 805–828.
McClenaghan, M.B., Oviatt, N.M., Averill, S.A., Paulen, R.C., Gleeson, S.A., McNeil, R.J., McCurdy, M.W., Paradis,
S., and Rice, J.M., 2012. Indicator mineral abundance data for bedrock, till and stream sediment samples
from the Pine Point Mississippi Valley-Type Zn-Pb deposits, Northwest Territories; Geological Survey of
Canada, Open File 7267. doi:10.4095/292121
McClenaghan, M.B., Parkhill, M.A., Pronk, A.G., Sinclair, W.D., 2016. Indicator mineral and till geochemical
signatures of the Mount Pleasant W-Mo-Bi and Sn-Zn-In deposits, New Brunswick, Canada. Journal of
Geochemical Exploration, 172, 151-166.
McClenaghan, M.B., Parkhill, M.A., Pronk, A.G., Seaman, A.A., McCurdy, M., Leybourne, M.I., 2017. Indicator
mineral and geochemical signatures associated with the Sisson W-Mo deposit, New Brunswick, Canada.
Geochemistry: Exploration, Environment, Analysis, 17, 297-313.
NORMIN.DB (www.nwtgeoscience.ca) 095GSE001
Okulitch, A.V. (compiler) 2006. Phanerozoic bedrock geology, Slave River, District of Mackenzie, Northwest
Territories; Geological Survey of Canada, Open File 5281, scale 1:1 000 000.
Oviatt, N.M., and Paulen, R.C. 2013. Surficial geology, Breynat Point, 85-B/15, Geological Survey of Canada,
Canadian Geoscience Map 114 (preliminary), scale 1:50 000.
Oviatt, N.M., Gleeson, S.A., Paulen, R.C., McClenaghan, M.B. and Paradis, S. 2015. Characterization and
dispersal of indicator minerals associated with the Pine Point Mississippi Valley-Type (MVT) district,
Northwest Territories, Canada. Canadian Journal of Earth Sciences, 52: 776–794.
Paulen, R.C., Smith, I.R., Day, S.J.A., Hagedorn, G.W., King, R.D., Pyne, M.D., 2017. GEM2 Southern Mackenzie
surficial activity 2017 report: Surficial geology and heavy mineral studies in southern Northwest
Territories. Geological Survey of Canada, Open File 8322.
Pine Point Mines Limited, 1980. Assessment Report 081333; Assessment report for diamond hole drilling
on mineral claims HA 346, HA 373, HA 374, HA 380, HA 381, HA 408, and MARY 516.
Pitman, P. 2014. Technical report on the HOAM Project, Northwest Territories Canada, NTS map sheets
85L, 85M, 95A, 95G, 95H, 95I, 95O, 95P, 96A and 96B; Olivut Resources, National Instrument 43-101
Technical Report (www.sedar.com).
Plouffe, A., McClenaghan, M.B., Paulen, R.C., McMartin, I., Campbell, J.E., and Spirito, W.A., 2013. Processing
of unconsolidated glacial sediments for the recovery of indicator minerals: protocols used at the Geological
Survey of Canada. Geochemistry: Exploration, Environment, Analysis, 13: 303–316.
Porter, J.W., Price, R.A., and McCrossan, R.G. 1982. The Western Canada Sedimentary Basin; Philosophical
Transactions of the Royal Society of London, A 305, pp. 169–192.

19

Rhodes, D., Lantos, E.A., Lantos, J.A., Webb, R.J., and Owens, D.C. 1984. Pine Point orebodies and their
relationship to the stratigraphy, structure, dolomitization, and karstification of the middle Devonian
Barrier complex. Economic Geology, 79: 991–1055.
Rice, J.M., Paulen, R.C., Menzies, J., McClenaghan, M.B. and Oviatt, N.M. 2013. Glacial stratigraphy of the Pine
Point Pb-Zn mine site, Northwest Territories. Geological Survey of Canada, Current Research, 2013-5, p. 1–
14.
Watson, D.M., 2011a. Sambaa K’e Candidate Protected Area Phase II Non-renewable Resource Assessment
– Minerals, Northwest Territories, Parts of NTS 085D,095A,B,H; Northwest Territories Geoscience Office,
NWT Open File 2010-08, 48 p.
Watson, D.M., 2011b. Ka’a’gee Tu Area of Interest, Phase II Non-renewable ResourceAssessment –
Minerals, Northwest Territories, Parts of NTS 85C,85D,85E and 85F; Northwest Territories Geoscience
Office, NWT Open File 2011-01, 77 p.
Watson, D.M., 2013. Non-Renewable Resource Assessment (Minerals): Łue Túé Sųlái Candidate Protected
Area, NTS 095H6 & 095H7. Northwest Territories Geoscience Office, NWT Open File 2013-03.
Wilson, R.A., 2007. Bedrock geology of the Nepisiguit Lakes area (NTS 21O/7), Restigouche and
Northumberland counties, New Brunswick. New Brunswick Department of Natural Resources, Map Plate
2007-32.

20

