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A review of the tectonic elements and
sedimentary sequences of the
Mackenzie Delta and proposed study
Adepoju, Y.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
yaqub_adepoju@gov.nt.ca
The Mackenzie Delta has recently received increasing
interest for its gas potential with expected petroleum
reserves up to 172.72 x 106 m3 recoverable crude oil
and condensate, and 254.67 x 109 m3 marketable
conventional gas. Additionally, preliminary studies
indicate that the Mackenzie Delta has potential for carbon
storage and sequestration in its more porous units.
However, scarcity of publicly available data limits
reservoir modelling efforts and increases risk. To address
this knowledge gap, the Energy Group of the Northwest
Territories Geological Survey, proposes a new geological
study of the regions in and around the Mackenzie Delta.
The stratigraphy of the Mackenzie Delta is established on
a regional scale with 2D and 3D seismic surveys and data
from hydrocarbon exploration wells. Previous studies
describe the base of the deltaic sequence as Late
Cretaceous organic rich mudstones that overlie the Albian
unconformity and comprise the Boundary Creek and
Smoking Hill formations. These black mudstones
are overlain by a 12 to 16 km thick Tertiary sequence
comprising the Fish River, Aklak, Taglu, Richard,
Mackenzie Bay, Akpak, and Shallow Bay formations. The
first field studies of the Mackenzie Delta were conducted
in the 1950s in the Richardson Mountains, Caribou Hills,
Horton River, and Aklavik Range. These early field studies
formed the basis of subsequent exploratory drilling and
seismic studies in the Mackenzie Delta. Further field
studies carried out in the 1980s formed the basis for
stratigraphic correlations between subsurface sequences
interpreted from hydrocarbon exploratory well data and
the field records obtained from outcrops in the
surrounding mountains. However, to date comparatively
few public domain geological research projects aimed at

studying rock outcrops in and around the Mackenzie Delta
have been conducted, especially in the surrounding
Richardson Mountains and Caribou Hills.
This study aims to map the Phanerozoic sedimentary
rocks that comprise and underlie the Mackenzie Delta
sequences. The proposed five-year field, laboratory,
and desktop study will combine data from new field
measurements of geological attributes of rock from
outcrops with analytical data obtained from field rock
samples and subsurface data including seismic and well
logs. Preliminary scouting using satellite imagery
identified potential rock outcrops in quarries, river cuts,
and escarpments along the Dempster Highway south of
Inuvik, Mount Goodenough, Mount Gifford, Big Fish Creek,
Little Fish Creek, Aklak Creek, Martin Creek, Boundary
Creek, and Caribou Hills.
Field data will comprise formation thickness and location
data, photographic records, and spectral gamma-ray
measurements. Rock samples will be collected from
each outcrop for geochemical, mineralogical, and
paleontological analysis. These analyses will help
identify the mineralogical make-up, depositional and
paleoenvironment, reservoir properties of the porous
rocks, and source-rock thermal maturity and type, and
total organic carbon content. Deliverables will include a
fresh knowledge base for surface and subsurface rock
properties data of the Mackenzie Delta, updated maps,
high-resolution structural and sequence stratigraphic
frameworks, and a reviewed and updated hydrocarbon
potential estimate. This study will produce an estimate for
carbon storage and sequestration potential within rocks
in the subsurface of the Mackenzie Delta.
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Northern Transportation Infrastructure
Exploitation of Remote Sensing
(NTIERS) project

Reducing costs and environmental
footprint of services to the NWT
mining industry

Adlakha, P.1, Bennett, J.1, Bobby, P.1, and
Little, K.2
1C-CORE, St. John’s, NL
2 NWT Centre for Geomatics, Government of
Northwest Territories, Yellowknife, NT
paul.adlakha@c-core.ca

Aumond, M. and Mapes, B.
AWP Industries Corporation, Enterprise, NT
mike@awpltd.com

The Northern Transportation Infrastructure Exploitation
of Remote Sensing (NTIERS) project addresses several
challenges related to ice roads, airports/runways, and
community travel on sea ice. The NTIERS is a
collaboration between the Government of Northwest
Territories, Aurora Research Institute, Nunavut Fisheries
Association, Wilfred Laurier University, SIKU, and C-CORE.
Ice road optimization of the operating season uses
satellite monitoring of ice cover and ice type, in
coordination with ground based measurements and
observations. The expected outcome is the ability to
make recommendations using data and modeling to
recommend when ice roads should be closed, increase
the accuracy of freeze up and break up forecasts, and
potential for flooding. Pilot sites include Fort Simpson
and Mackenzie River crossings, Inuvik – Aklavik ice road,
and Deline ice road.
Monitoring airports and runways with radar satellites
to evaluate deformation at localized areas, and regional
scales, provides insights into maintenance schedules as
well as future infrastructure challenges as permafrost
degradation encroaches transportation infrastructure
and communities. Pilot sites include Hay River, Inuvik,
and Dempster highway. This part of the project includes
a technology transfer to the Government of Northwest
Territories to support capacity building for future
monitoring.

The Aurora Industries Corporation (AIC) and Aurora
Logistics (AL) have developed a site just north of
Enterprise to serve clients, particularly the mining
industry. These groups will continue to invest and develop
this site over the next 2 years to expand and improve
services to clients.
Services to the Mining Sector:
An introduction and discussion of the services Aurora
Industries Corporation and Aurora Logistics offer the
mining sector currently and what additional services are
planned for the future.
Reducing costs and Environmental Footprint:
A description and discussion of the reduced costs and
greenhouse gas emissions that the Aurora Industries
Corporation and Aurora Logistics have been able to
provide to date to clients who chose to use rail transport
to Enterprise rather the traditional method of trucking
products from south of 60°.
The above presentation is supported by a short video and
still picture presentation of transloading and other
activities that take place at the Aurora Industries
Corporation Enterprise site.

Floe edge monitoring by satellites provides information
on the stability of ice conditions for community travel.
Advances in algorithms and new data sources provide
higher frequency updates and allows for enhanced
analytics of safe/risk zones.
Although the project has chosen initial sites to pilot the
technologies, there may be flexibility expand the project.
Transport Canada and the project partners provide
support for the NTIERS.
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Exploration for rare earth elements
and related high field strength
elements hosted in carbonatite
intrusions in alkaline complexes, Slave
craton, NWT
Bachynski, R.
Voyageur Exploration Ltd., Yellowknife, NT
rbachynski@voyageurexploration.ca
Voyageur Exploration Ltd. is advancing two projects for
rare earth elements and related high field-strength
elements such as Ta, Nb, and Zr (REE+, collectively) in the
Slave craton, Northwest Territories.
Tharsis, the first REE+ project acquired by the company in
2021, is hosted by the ca. 2180 Ma Squalus Lake Alkaline
Complex and contains REE+ mineralized carbonatite
hosted in syenite and along the contacts between syenite
and granite. Intense fenitization is present adjacent to
carbonatite dykes. The carbonatites are typically
composed of calcite, amphibole, aegirine, and orthoclase
with bastnaesite as the primary rare earth mineral, and
are observed to be <1 m wide. The carbonatites are
hypothesized to represent concentric and radiating dykes
related to the carbonatite core of the alkaline complex,
which is not exposed at the surface but is well-defined in a
recently acquired aerial magnetic survey. Hand samples
collected from around the centre of the complex returned
assay results with grades as high as 2.71% total rare earth
oxide (TREO) with 24% of the TREO present as
neodymium-praseodymium (NdPr), 1.35% Nb2O5, 30.3%
P2O5, and 0.83% ZrO2.
Curiously, the Squalus Lake Alkaline Complex shares
many similarities, including age of emplacement, with the
nearby Blatchford Lake Intrusive Suite, which hosts the
advanced Thor Lake/Nechalacho REE project. Having
received the necessary permits, efforts are now focused
on planning targets for diamond drilling at the core of the
complex.
The second REE+ project being advanced is the Allende
project, situated on the Leith Lake Alkaline Complex. This
complex is unique as it is Archean in age (ca. 2590 Ma)
and contains outcropping pods of mineralogically-banded
carbonatite containing calcite, magnetite, pyroxene, and
orthoclase in addition to several unidentified minerals.
These pods are up to 1 m wide, share a common

orientation, and form an exposed carbonatite corridor of
at least 70 m in width and an undetermined strike length,
though a regional magnetic survey suggests a target with
a size greater than 1 by 2 km.
Historical geochemical results on samples from this
complex yield highly anomalous REE+ results. Results
from the summer 2022 field sampling program include
1.54% TREO with 26% NdPr over an 0.86-m (0.80 m
true-width) channel sample on a carbonatite dyke.

Update on exploration and
re‐modelling of the high‐grade
gold‐bearing Mispickel shear zone in
the Walsh Lake Formation
Bachynski, R.
Gold Terra Resource Corp., Yellowknife, NT
rbachynski@goldterracorp.com
Mispickel is a high-grade gold-bearing shear zone located
on the Yellowknife City Gold Project. The zone is largely
hosted in the argillite-siltstone-greywacke portions of the
Walsh Lake Formation. Discovered as early as the 1930s
and intermittently explored since then, the first known
drill program on the zone was completed in 2016; results
included TWL16-016 with 8 m of 60.60 ppm Au.
Despite the successes of drilling at Mispickel, limited
follow-up drilling was performed on the zone prior to
the winter of 2022, where a 6,000-m diamond drill
program took place. The recent drilling expands known
mineralized zones (e.g., GTWL22-002: 4 m of 19.00 ppm
Au) and discovering new high-grade zones along-strike of
the system (e.g., GTWL22-014: 3 m of 31.89 ppm Au).
With new information from the drilling campaign,
updated modelling of the gold-bearing system has been
completed. The focus is now on identifying controls for
mineralization in efforts to further expand the high-grade
system both locally and along a broader north-south
trend.
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Exploration on the prolific Campbell
Shear structure in the Yellowknife
Greenstone Belt

Monitoring and long‐term predictions
of thermoprobe performance at
Gunghi Creek, NWT

Bachynski, R.
Gold Terra Resource Corp., Yellowknife, NT
rbachynski@goldterracorp.com

Kameledenova, B., Beddoe, R., and Siemens, G.
Royal Military College, Kingston, ON
ryley.beddoe@rmc.ca

The Campbell and Giant Shear zones are prolific regional
structures in the Yellowknife mining camp, responsible
for the majority of the 14 million ounces of gold mined at
the Con and Giant mines up to closure in the early 2000s.
Through an Option Agreement with Newmont Canada,
access has been granted for Gold Terra Resource
Corporation to explore the Campbell Shear at the Con
Mine. With this addition, Gold Terra has the ability to
explore the Campbell Shear target in three different areas:
(i) at the Con Mine; (ii) on the Southbelt Property
immediately along-strike to the south of Con Mine, and
(iii) on the Northbelt Property, north of Giant Mine.

Gunghi Creek is located at mile marker 131.2 km on the
Inuvik to Tuktoyaktuk Highway (ITH). In 2009, a
corrugated steel pipe culvert was installed, and within a
decade had experienced significant thaw settlement and
heave issues. In 2021, the culvert was replaced by a
buried concrete arch on an adfreeze pile foundation. Since
the structure is expected to be exposed to significant
permafrost degradation over its design life (75 years),
22 thermoprobes were installed adjacent to the steel piles
to passively cool the ground and stabilize the permafrost
and foundation system. Despite the varied large scale use
of thermoprobes (vertical thermosyphons tubes installed
adjacent to piles and carry no load), there is a limited
database of knowledge on the overall performance of
thermoprobes and their effectiveness in a foundation
system such as in Gunghi Creek. With limited data, it is
challenging to model the influence of thermoprobes on
the design life of a foundation system relying on stable
permafrost.

The primary exploration focus is on the Campbell Shear
immediately to the south of Con Mine where Gold Terra
has announced a preliminary mineral resource estimate of
109,000 oz Au indicated and 432,000 oz Au inferred. This
area contains multiple zones of gold mineralization that
occur along mineralized trends continuing from Con Mine,
though faulting has offset some of these features. The area
offers year-round access for diamond drilling, the
company will continue delineating and discovering
high-grade gold.
The company is planning a winter 2023 drilling program
which will include testing all zones mentioned in the
initial mineral resource estimate at depth and along strike
and may include testing of the structure below the mine.

This study first aims to create a database of ground
temperatures of a foundation system where there are
thermoprobes operating. During the construction of the
bridge, 15 thermistor strings were installed to monitor
the short and long-term thermal regime at Gunghi Creek.
The first 8 were installed in 8 piles throughout the
foundation, with a staggered array of beads along the
string. The second set of thermistor strings were installed
in the surrounding embankment and parallel to the crest
of the road, and on the crown and haunch of the buried
concrete arch. The temperature database will be used to
explore ground temperature trends spatially and
temporally with a focus on evaluating the long-term
foundation performance under a warming climate in the
presence of thermoprobes.
Secondly, this study predicts the long-term performance
of a foundation system coupled with thermoprobes
under a warming climate scenario. Using a finite element
numerical model, Temp/W, the thermal modelling results
show that the inclusion of thermoprobes in the foundation
design at Gunghi Creek had significant impact on the
4
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future thermal regime. It was found that they extended
the life of the buried concrete arch foundation by over
20 years. The results showed that when all
thermosyphons are operating as intended, the subsurface
temperatures around the piles increase at an average rate
of 0.06 °C/year, thus ensuring that the arch bridge
remains fully serviceable for its intended design life. In
contrast, when no thermosyphons are functioning, the
subsurface temperatures surrounding the piles increase
at twice that rate (0.12 °C/year) until permafrost thaw
occurs. The results of this study highlight the impact
thermosyphons will have on the stability and resilience of
this foundation design, and the importance of ensuring
their long-term functionality.

Diavik Diamond Mine update
Bigg, A.
Rio Tinto, Diavik Diamond Mine, Yellowknife, NT
cherish.winsor@riotinto.com
Diavik Diamond Mine is one of the Northwest Territories’
largest diamond mines, mining four kimberlite pipes on
Lac de Gras since 2003.
This coming January, Diavik will celebrate 20 years of
production, a milestone marked by over 140 million
carats of rough diamond production, nearly 7 billion in
Northern spend and over 25 million hours of Northern
employment.
From our earliest days, we have sought to minimize our
environmental impact, meaningfully engage with the
communities whose land we operate on and operate in a
manner that achieves the sentiment of the people of the
Northwest Territories. Our industry has changed and
evolved in the years since the Diavik mine was first
permitted but our vision has not changed much in that
time, in part because of our initial consultations and
continued dialogue with community groups.
After a year of unprecedented engagement with our
Partnership Agreement partners, our final closure and
reclamation plan was submitted at the end of Q3. From
our earliest days, our approach has been to know where
we were going, and this has allowed us to make decisions
that support progressive reclamation and ensure we clean
up as we go.

As a leader in the mining industry, we are on a journey,
along with sites across Rio Tinto, to better our workplace
culture and create a workplace that is inclusive, diverse,
and psychologically safe.

Nunavut Exploration Overview 2022:
Recharged interest in critical minerals
Bigio, A.
Crown Indigenous Relations and Northern Affairs
Canada, Iqaluit, NU
alia.bigio@rcaanc-cirnac.gc.ca
Exploration and deposit appraisal spending has remained
reasonably stable after the major impacts of the COVID-19
pandemic. Public health measures and restrictions on
travel into Nunavut were lifted, allowing companies to
return to more normal operations at their exploration
projects and mines.
Interest in critical and battery metals in the territory
continues to motivate exploration activity, with Canadian
North Resources’ 15,000-m drill program at its Ferguson
Lake nickel-copper-cobalt-PGE project in the Kivalliq
continuing into the fall. Drilling results to date indicate
that mineralized zones extend outside the current model
and the company will use results to update the property’s
resource estimate. Valore Metals Corp completed a
26-hole drill program at its Angilak uranium project, and
Forum Energy Metals ran aground geophysics program at
its recently acquired Nunavut Uranium Project, which
includes the Tatiggaq and Qavvik deposits.
Sabina Gold and Silver made significant progress
throughout the year on pre-production activities at its
Back River project and announced in September that the
company would be moving forward with the mine at the
Goose deposit. Production is planned to begin in 2025.
In addition, Sabina has reopened its camp at the George
deposit and will shift its exploration focus there while
Goose continues to production.
In February, Agnico Eagle Mines Ltd. announced the
pouring of the millionth ounce of gold at Meliadine mine
three years after the start of production, and a total of
over 178,000 ounces produced at the mine in Q2. Higher
than expected gold grades at Amaruq mine resulted in
record gold production in Q2 for the Meadowbank
5
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complex, and a seven-drill underground and surface
exploration program continued at Hope Bay.
Elsewhere in gold exploration in Nunavut, Blue Star
completed its 2022 program consisting of drilling,
airborne geophysics, and till sampling at the Hood River,
Ulu, and Roma projects. Inuit prospectors were also active
in the territory, mainly in the Kivalliq and western
Qikiqtani.
North Arrow Minerals reported its final bulk sample
results from the Q1-4 kimberlite at the Naujaat diamond
project in July, including the recovery of a seven carat
diamond, the largest recovered to date from that
kimberlite. The recovered diamond parcel included 10.1%
of stones classified as ‘fancy colour’, including several
classified as ‘intense’ or ‘vivid’ colour saturation. Data
acquired from the bulk sample will be used to model the
distribution of fancy-colour diamonds in the kimberlite.
Seventy-nine new mineral claims were acquired through
the Nunavut Map Selection system as of October 2022,
covering an area of 82,500 ha.

*Depositional model of the Exeter Lake
Esker
Bilak, G. and Cummings, D.
Carleton University, Ottawa, ON
gbilak15@gmail.com
The geomorphology and surface-sediment texture of the
~750 km long Exeter Lake Esker, Northwest Territories,
was studied using a large integrated dataset (aerial
photographs, GoPro video from fixed-wing fly-over,
LiDAR, surface-sediment photographs taken every
~500 m down-esker, 2 m Arctic DEM) to gain insight into
how the esker and its various components formed.
The building blocks that make up the esker are grouped
here into 8 distinct categories: rounded ridges (n = 179);
sharp-crested ridges (n = 75); flat- topped ridges (n = 42);
isolated downflow fining ridges (n = 4); wide irregularly
topped ridges (n = 24); multi-crested ridges (n = 3);
enlargements (n = 80); and attached (n = 145) and
detached (n = 108) sand and gravel bodies. The most
common of these are described below.

Rounded ridges and sharp-crested ridges have mean
modal surface-sediment grain sizes of 59 mm and 80 mm
respectively, flanks at or near the angle of repose, and lack
deformational features generated by melt-out of buried
ice. They are interpreted to have been deposited under
high-energy pipe flow conditions in subglacial to lower
englacial meltwater conduits that existed in the most
proximal parts of the meltwater system.
Flat-topped ridges and wide irregularly topped ridges
have mean modal surface-sediment grain sizes of 44 mm
and 100 mm respectively and flanks at or near the angle
of repose. They are both interpreted to be ice-walled
channel deposits, differing only in degree of deformation
related to post-depositional melt out of buried ice. These
elements are considered to have been deposited in an
intermediary position in the meltwater system, and at
times on top of glacier ice, where the high energy
subglacial pipe flow emerged from beneath the glacier
and transitioned to open channel flow, a process that may
have been aided by the presence of a frozen glacier toe.
Enlargements, attached flanking sand and gravel bodies,
and detached flanking sand and gravel bodies have mean
modal surface-sediment grain sizes of 56 mm, 21 mm, and
80 mm respectively, flanks that dip lower than the angle
of repose, and abundant deformation consistent with the
melt-out of buried ice. They are interpreted to be icemarginal features deposited on top of stagnant glacier ice,
possibly in a frozen toe setting. These are considered the
most distal deposits of the meltwater system.
Transitions from the above-described proximal to distal
deposits, along with down-flow fining trends and
landform width increases, were repeatedly observed
along the length of the Exeter Lake Esker over distances of
~ 10 km, significantly shorter than the total system length
(~750 km). As such, the esker system is interpreted to
have formed in short segments as the ice front retreated.
Broad portions of the terminal zone may have been
stagnant, and base-to-surface meltwater transfer up onto
this stagnant terminal zone may have been aided by a
frozen toe, but a model that integrates short meltwater
conduits, time-transgressive deposition, and ice-front
retreat is deemed essential to explain the features
described above.
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Tłı̨chǫ Ekwǫ̀ Harvest Monitoring
Program: A possible solution to
harvesting concerns of ekwǫ̀ along the
Tibbitt to Contwoyto Winter Road
Behrens, S.
Tłı̨chǫ Government, Behchokǫ̀ , NT
michael.birlea@tlicho.ca
The public has expressed concerns about the harvesting
techniques occurring on the Tibbitt to Contwoyto winter
road. In response, Tłı̨chǫ Government developed and
implemented the Ekwǫ̀ Harvest Monitoring Program to
address possible over-harvesting, wastage and poaching
of the barren-ground caribou along the winter road by
Tłı̨chǫ harvesters. At the inception of the program in the
winter of 2020, the overarching objective of the Ekwǫ̀
Harvest Monitoring Program is the recovery of ekwǫ̀
Bathurst herd. To accomplish this goal, the program
objectives were: 1) collect harvest information focusing
on ekwǫ̀ along the Tibbitt to Contwoyto winter road,
2) collect samples from ekwǫ̀ harvested, and; 3) educate
Tłı̨chǫ hunters on the Mobile Core Bathurst Caribou
Management Zone while promoting respectful harvesting
practices and Tłı̨chǫ traditional ways of hunting. Through
the two years of implementation, there has been a
realization that such a program is essential in ensuring
ekwǫ̀ recovery. Monitoring presence on the road and
monitoring harvest levels creates an environment where
hunters are more accountable concerning harvesting.
Investigating monitoring levels will also give an insight
into population trends and the overwintering survival
rate of ekwǫ̀ ; especially of pregnant cows.
This community-led project strives to maintain the
integrity of the traditional Dene hunter-gathering way of
life as well as provide important biological data on the
herd on its wintering grounds.

Remediation of tundra affected by a
brine spill, Hope Bay Mine, Nunavut
Bishop, S. and Cater, T.
ABR, Inc., Fairbanks, AK
sbishop@abrinc.com
Tundra affected by a spill of drilling brine (calcium
chloride) was discovered in July 2011 at the Orbit 25 drill
site within the Hope Bay project area. The affected area
covers ~1,175 m2 and slopes gradually down from the
spill location to the bank of the Stickleback Outflow, which
drains into Aimaokatalok Lake. A preliminary remediation
plan was prepared in 2011, monitoring began in 2012
(soil chemistry), and 2013 (vegetation recovery).
In 2013, vascular plant cover in the affected area was <5%
of that in adjacent reference tundra. Cover of mosses and
lichens was minimal. By 2016, vegetation cover was
increasing over much of the affected area, but the tall
willows along the streambank showed no recovery. By
2016, soil salinity within the affected area was much
lower overall than in 2012 and 2013. The pattern of
across the site suggested that a lobe of saline groundwater
was gradually moving downslope from the spill location.
A revised remediation plan was prepared in 2017 and was
approved by the Kitikmeot Inuit Association (KIA). The
goals identified in the revised plan were to:
1) Reestablish a productive, diverse, and self-sustaining
plant community; 2) promote and maintain the stability of
the bank of the Stickleback Outflow; and 3) demonstrate
the effectiveness of plant cultivation techniques that may
also be appropriate for other salt-affected tundra sites.
Treatments were implemented in September 2017 by a
team of two ABR employees and two KIA personnel from
Iqaluktuuttiaq. The approach focused on reestablishing
the tall willow thicket adjacent to the Stickleback Outflow,
by removing dead willows and transplanting live cuttings.
Some treatment plots included erosion control blankets,
to test the effect on cutting survival. In addition, test plots
were established to assess the feasibility of using locally
harvested seeds to promote recovery of salt-affected
tundra.
Soil monitoring in 2020 indicated that electrical
conductivity and concentrations of calcium and chloride
continued to decrease, although values were still higher
than in reference tundra. Preliminary results for 2022
indicate little change in soil salinity since 2020.
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Willow survival was good for the first 2 years, but at the
time of the 2020 site visit the cuttings were dead or in
poor condition. The damage was attributed to a flooding
event that had recently inundated much of the affected
area. The erosion control blankets did not appear to affect
survival of the cuttings, but may have promoted
establishment of grasses and other plants.
Vegetation cover in the remainder of the affected area
increased steadily from 2013 to 2022. Initially, vegetation
consisted mainly of disturbance-adapted species, but by
2022 typical tundra species, including sedges and willows,
were increasing in importance.
This 10-year effort documented that, overall, the affected
tundra is on a path toward recovery, although the 2020
flood resulted in mortality of the transplanted willows.
The project incorporated several treatment approaches
that could be useful for remediating other salt-affected
tundra sites in the future.

Kwetı̨ıɂ̨ aà (Rayrock) Remediation
Project
Camsell‐Blondin, V. and Kodzin, J.
Tłı̨chǫ Government, Behchokǫ̀ , NT
violet.camsellblondin@tlicho.ca
Kwetı̨ı̨ɂaà is located 145km northeast of Yellowknife, in
the heart of the Tłı̨chǫ lands. Kwetı̨ı̨ɂaà was once a land
used for hunting and harvesting. In 1957 it became a
uranium mine site, named Rayrock. After a few years of
operation, the mine site shut down and was abandoned,
with little attention paid to clean up and reclamation. For
decades the land has been impacted by the mine’s
contaminants. It is now a contaminated site, which means
the Federal Government is responsible and liable for
cleaning up the site. The Tłı̨chǫ Government works in
close partnership with the Federal Government to achieve
the goal of cleaning up Kwetı̨ı̨ɂaà so that Tłı̨chǫ citizens
feel comfortable using it for traditional purposes again.
Cleanup and remediation work began in earnest in the
1990s and will be ongoing until 2024, with post- closure
monitoring continuing for many years afterward. Tłı̨chǫ
elders, citizens and youth are involved in the various
forms of environmental and cultural monitoring at site.
This includes gathering traditional knowledge on the
safety of water, lands and animals at the project site,

conducting wildlife sampling, soil and water sampling,
benthic surveys, and more. Doing the remediation work in
a good way means taking guidance from our Elders,
working with our youth, and working alongside other
governments and agencies to reach a shared vision of a
healthy land. The monitoring work is what will make
Kwetı̨ı̨ɂà a safe again, and so that Tłıchǫ people feel
confident returning to the area.

Preliminary results from bedrock
mapping in the Preble, Petitot, and
South Simpson Islands area, East Arm
basin, Great Slave Lake, NWT
Canam, R.1, MacMillan, E.2, Fischer, B.1, Cairns, S.1,
Reynolds, M.1, and Lambiv Dzemua, G.1
1Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
2University of Saskatchewan, Saskatoon, SK
rebecca_canam@gov.nt.ca
The strata of the Paleoproterozoic East Arm basin,
preserved in the East Arm of Great Slave Lake, consist of
four variably deformed supracrustal packages overlying
crystalline basement rocks. The basinal strata comprise
the ca. 2.04 Ga Union Island Group, the ca. 1.93 Ga Wilson
Island Group, the >1.86 Ga Great Slave Lake Supergroup
(GSLS), and the <1.86 Ga Et-Then Group. Mineral
showings include polymetallic veins, copper-only veins,
uranium and occurrences that may represent iron-oxidecopper-gold systems. Documentation of this variety of
occurrence types, despite a relative lack of exploration
activity, suggests a significant mineral potential for the
East Arm basin.
During the 2022 field season, a single-year bedrock
mapping project was completed in the southwestern part
of the East Arm basin. Mapping was conducted at a scale
of 1:30,000 in the Preble Island and Petitot Islands map
sheets (NTS 85H09, 85H10), and several gold ± tungsten
and nickel-cobalt showings were examined briefly. Project
objectives included: 1) characterization of the basement
rocks underlying the East Arm basin; 2) resolution of the
deformation history; 3) preliminary investigation of a
breccia unit; and 4) provision of regional geological
context to improve our understanding of the
mineralization potential.
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In the southwestern East Arm basin, the basement rocks
consist of mappable units of paragneiss, biotite-garnet
granite, biotite orthogneiss, K-feldspar megacrystic
granite, and hornblende-biotite tonalite. The paragneiss
has a metamorphic mineral assemblage of quartz,
plagioclase, biotite, garnet ± sillimanite ± cordierite
(iolite) ± K-feldspar, indicating upper amphibolite- to
granulite-grade metamorphic conditions. These basement
units are intruded by at least two mafic-dyke swarms. The
predominant gneissocity and foliation in the basement
dips moderately to the NE, however this fabric is dragged
into a 1-3 km wide, NE-trending, steeply dipping mylonite
belt that cuts across the SE part of the map area and
preserves oblique reverse and dextral kinematics.
The sedimentary rocks in the map area belong to the
Sosan (GSLS) and Et-Then Groups. Four previously
defined formations were recognized in the Sosan Group.
From base to top, these are units dominated by quartz
pebble sandstone, stromatolitic dolostone, maroon shale,
and white quartz arenite. Two formations of the Et-Then
Group were mapped, comprising a unit of polymictic
conglomerate and amygdaloidal basalt and another of
arkosic arenite. Bedding in the Sosan Group dips
shallowly to the NE and the Et-Then Group strata have
been folded into regional-scale, NE-trending, upright,
open synclines.
The basement rocks and sedimentary cover are cut by
numerous NE-trending faults. Adjacent to the NE-trending
Preble fault is an enigmatic zone of brecciation with
associated hydrothermal alteration.
The sedimentary rocks in this zone are silicified and
chloritized. They also display evidence of multiple phases
of brecciation including an earlier brecciation event with a
hematitic matrix that is almost completely overprinted by
a later brecciation event with dolomite cement.
Reconnaissance prospecting identified several previously
unreported nickel-cobalt occurrences and several new
gossans which have been sampled and sent for
geochemical analysis. Results of this project will be
published in the NWT Open File series as a 1:30,000 scale
map with a corresponding report.

Explor Silica: A world class silica
resource: An introduction to this
amazing property on the shores of
Great Slave Lake
Chatenay, A.
Explor, Calgary, AB
al@explor.net
Exploration for high quality silica has been ongoing at the
Chedabucto mining claims for over a decade. At times
mired in controversy, this amazing property has now
been proven to hold many millions of tonnes of proven
reserves, with many more millions of tonnes of measured
resource.
We will review the geology, exploration work and results,
as well as the economic potential of this amazing resource
on the western shores of Great Slave Lake.

*Dendritically‐drained peat plateaus:
A distinctive permafrost peatland
landform of the central Mackenzie
Valley, Northwest Territories
Chiasson, A.1, Alvarez, A.1, van der Sluijs, J.2,
Andersen, B.1, Kokelj, S.3, Rudy, A.3, and
Froese, D.1
1University of Alberta, Edmonton, AB
2NWT Centre for Geomatics, Government of Northwest
Territories, Yellowknife, NT
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
chiasso1@ualberta.ca
Peat plateaus dissected by dendritic patterned fen
networks are common periglacial landforms in the
central Mackenzie Valley, NWT. These networks are
associated with sloping site conditions (up to ~3 m/km)
and develop primarily on moraine plains or hummocky
terrains. These sites are covered by tussocks, reindeer
lichens (Cladonia sp.), variable cover of open black spruce
(Picea mariana) and western larch (Larix occidentalis).
Field investigation of 3 sites in 2021 and 2022 showed
9
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that peat deposits are ~ 2m thickness and contain
structureless pore ice, while overlaying several metres
of ice-rich diamicts. Mapping and coring indicate that the
dendritic peat plateaus were relatively stable for most of
the Holocene and have started to degrade over the past
~75 years. Electrical resistivity tomography profiles
show that permafrost in the peat plateau is typically thin
(5-12 m), and the channel drainage networks consists of
through-going taliks that increase in frequency
downslope. The thin permafrost extends to the lateral
margins of the peat plateaus adjacent to the unfrozen
ground, creating steep sides, and its degradation is
expanding dendritic drainage networks. There is little
evidence of major surface disturbances at our study sites,
however local depressions on the plateau surfaces appear
to be indicative of thawing the underlying ice-rich
sediments, as evidenced by thaw settlement and recent
thaw pond inundation of black spruce (Picea mariana)
and reindeer lichens (Cladonia sp.). These dendriticallydrained peat plateaus are found throughout the Taiga
Plains ecoregion above the limits of glacial Lake
McConnell and glacial Lake Mackenzie. We show dendritic
drainage patterns dictate permafrost configuration within
these organic permafrost terrains and we demonstrate
that their recent degradation is primarily driven by lateral
and basal permafrost thaw near taliks, leading to further
expansion of fen channel networks. Our work contributes
to understanding the configuration of permafrost and the
morphology of degrading peatlands, setting important
context to inform studies of the hydrological,
biogeochemical, carbon, and ecosystem consequences of
permafrost thaw in organic-rich terrain.

The Yellowknife Greenstone Belt (YGB) is host to several
world class orogenic gold deposits that have collectively
produced over 13 million ounces of gold since 1938. The
mineralizing fluids in orogenic gold deposits are most
commonly aqueous-carbonic fluids. However, several
studies most notably from the Ashanti Belt in Ghana, have
reported fluid compositions dominated by CO2 with little
to no aqueous component. Mineralization style within the
YGB is highly variable. The presence of high pressure
volatiles in the belt is an indicator of gold mineralization
and, similarly, the physicochemical properties of fluid
inclusions may help differentiate between mineralized
and barren samples.
The Discovery-Ormsby property, which includes the
former Discovery Mine, is located in the northern portion
of the YGB. Mineralization in this area is largely hosted
within the metavolcanic rocks of the Discovery and
Ormsby Members. Raman analyses of individual fluid
inclusions reveal the presence of five different types of
inclusions including: aqueous, aqueous-carbonic, carbonic
(CO2±CH4±N2), graphite-bearing and polyphase inclusions
with a solid phase. Graphite bearing inclusions
(CO2±CH4+C) do occasionally contain H2O which may
be a post-entrapment product of the reaction
CO2 + CH4 = 2C +2H2O. This reaction has also been
observed in other areas in the YGB as the Quyta-Bell
property where graphite precipitation was suggested to
occur coevally with gold deposition.

Gahcho Kué Mine Update
Characteristics of the ore‐forming
fluids in the Discovery‐Ormsby
Property of the Yellowknife
Greenstone Belt, NWT
Cho, V.1, Pilar Lecumberri‐Sanchez, P.1,
Reynolds, M.2, and Falck, H.3
1University of Alberta, Alberta, AB
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
3Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
vcho@ualberta.ca

Clark, L.
De Beers Group, Gahcho Kué Mine, Yellowknife, NT
lyndon.clark@debeersgroup.com
Gahcho Kué Mine officially opened in 2016 and is a joint
venture between De Beers Group (51% - the Operator)
and Mountain Province Diamonds (49%). The mine is
located about 280 km northeast of Yellowknife and
currently has a life of mine to 2030.
The primary Gahcho Kué kimberlite deposits were
discovered between 1995 and 1997 and work to develop
the mine continued through 2014, when permits to build
and operate the mine were received. Following two years
of construction, the mine commenced production in
August 2016 and achieved commercial production in
early 2017. Open pit mining is underway on three
10
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kimberlite deposits, 5034, Hearne, and Tuzo.
For most of its operational life, Gahcho Kué has had an
exemplary safety record, including receiving two regional
safety awards and two national safety awards, including
the prestigious CIM-Hatch Project Development Safety
Award in 2017 and the John T. Ryan Mine Safety Award
from the CIM in 2020.
In 2021, the mine provided 583 full-time equivalent jobs,
of which NWT residents held approximately 42%. The
mine’s business spend saw 70% of the $292M required to
operate Gahcho Kué go to NWT business and joint
ventures.
Diamond production has averaged 6.5M carats annually
since 2017 and the joint venture partners have remained
focused on ensuring the safe execution of the current
mine plan, and identifying opportunities to extend the life
of mine.
Brownfield exploration on the property in 2018 and 2019
has successfully added additional resources to the mine,
including the Northeast Extension (NEX) and the Wilson
kimberlite. Both have been incorporated into the mine
plan. In early 2022, additional kimberlite was uncovered
in the pit wall of Hearne pit, where mining is scheduled to
be complete by the middle of 2023. A drill program
undertaken during the first half of this year has identified
what appears to be an extension of the Hearne kimberlite
to the northwest and at depth. Work is currently
underway to determine the mining potential of this
additional kimberlite. Additional drilling on geophysical
targets elsewhere on the mine property is also underway.

EA improvement initiatives from the
Mackenzie Valley Environmental
Impact Review Board
Cliffe‐Phillips, M. and Mansfield, K.
Mackenzie Valley Environmental Impact Review
Board, Yellowknife, NT
kmansfield@reviewboard.ca

proposed developments, and to ensure the views of
Indigenous people and the public are considered in
resource management decision making processes.
The Review Board’s mandate and authority comes from
the Mackenzie Valley Resource Management Act (the Act).
The Act stems from the Gwich’in Comprehensive Land
Claim Agreement, the Sahtu Dene and Métis Land Claim
Settlement Act and the Tłı̨chǫ Land Claims and
Self-Government Agreement. The Review Board has
statutory consultative requirements related to two
separate parts of its mandate. The first is conducting
environmental impact assessment. The second is creating
guidelines related to the conduct of environmental impact
assessment.
The Review Board is actively working on a suite of
initiatives to improve the efficiency and effectiveness of
EA in the Mackenzie Valley, while ensuring that we are
meeting our statutory consultation obligations in good
ways. In this presentation, Review Board staff will
highlight some of our recent and ongoing work including:
i) developing draft Guideline for Major Projects to go
directly to EA, which describes an optional, direct pathway
to EA for large or contentious developments and the
information requirements to initiate such a process, ii)
improving how we engage and consult with Indigenous
Governments and the public in environmental assessment
and when developing policies and guidelines, iii)
exploring tailored and streamlined approaches to
environmental assessment, iv) process maps and other
tools that clarify how EA and regulatory processes work
together, and v) increasing public knowledge about
environmental assessment and the processes that we run
through public outreach and education programs.
Taken together, the Review Board is confident that these
initiatives contribute to increased clarity around EA
processes for developers and Indigenous Governments
more efficient EA processes that yield good decisions and
improved regulatory coordination. The Review Board
looks forward to working with all interested parties and
stakeholders to further develop policies, guidelines and
processes that contribute to efficient and effective
environmental assessments in the Mackenzie Valley.

The Mackenzie Valley Environmental Impact Review
Board (Review Board) conducts environmental
assessments (EA) in the Mackenzie Valley. The EA process
is designed to prevent significant adverse impacts from
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Geothermal potential of the South
Slave region (Northwest Territories,
Canada)
Rajaobelison, M.1, Raymond, J.1, Thibault, M.1,
Comeau, F.‐A.1, and Terlaky, V.2
1Institut national de la recherche scientifique,
Québec City, QC
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
felix-antoine.comeau@inrs.ca
The Northwest Territories Geological Survey in
collaboration with the Institut national de la recherche
scientifique (INRS) is commencing a research project to
evaluate geothermal resources of the South Slave region
of the Northwest Territories. The geothermal gradient in
this region is known to be elevated and averages
33 mK m-1. The objective of this study is to characterize
thermohydraulic properties to better estimate
temperature at depth and evaluate potential geothermal
systems to be installed, aiming to better inform future
decision making regarding clean and reliable local
geothermal heat for the communities of Kakisa, Fort
Providence, Hay River and Enterprise.
The study area is located in the southeast of the Interior
Platform, the northern extension of the Western Canadian
Sedimentary Basin. Here, the geology comprises
Precambrian metasedimentary and crystalline basement
rocks overlain by Paleozoic and Mesozoic sedimentary
rocks and quaternary overburden with variable thickness.
The dominant lithologies of the Paleozoic and Mesozoic
sedimentary strata are marine dolostone, limestone,
sandstone, dolomite, anhydrite, and shale.
The first phase of the geothermal exploration project
comprises measurement of the thermophysical properties
of the main lithologic formations of the study area with
the objective to identify potential targets for further
exploration. A total of eighty-four samples were collected
from forty-three wells that cover eight formations,
including: Slave Point, Watt Mountain, Muskeg, Horn
Plateau, Sulphur Point, Keg River, Nahanni, and
Chinchaga. The samples were selected based on their
location and availability of cored formation. Sampling
intervals were determined at the Geological Survey of
Canada’s Core Repository in Calgary and approved by the
Office of the Regulator of Oil and Gas Operations.

Geochemical analysis and measurement of thermal and
hydraulic properties are carried out at the Open
Geothermal Laboratory of INRS (Québec City), whereas
mineralogical analysis is done externally.
This presentation details the preliminary results of the
study that comprise the thermal properties measurement
of all 84 samples. The average thermal conductivity of the
rock samples is between 2.8 Wm-1K-1 and 5.6 Wm-1K-1.
The thermal diffusivity varies between 1.110-6 m2s-1 and
2.210-6 m2s-1, and the volumetric heat capacity is between
2.3 MJ m-3 K-1 and 3.6 MJ m-3 K-1. Using a cut-off value of
3.5 W m-1 K-1, the results indicate that the limestones of the
Slave Point and Horn Plateau Formations, and the shales
of the Watt Mountain Formation would be intermediate
between conductive and insulating rocks, whereas the
remainder of the formations would act as heat conductors.
In terms of volumetric heat capacity, the Keg River
Formation dolostone and the Chinchaga Formation
anhydrite would have the best heat storage potential,
although there is some variability among the lithologies.
The forthcoming results of the hydraulic properties
analysis of the samples and the geochemical and
mineralogy analysis, with a better consideration of
thicknesses and variability of lithology, will allow the
definition of thermofacies for the evaluation of the
geothermal potential of the study area.

Vital Metals/Cheetah Resources ESG
Performance and the Markets
Requirement for Green Elections
Connelly, D.
Cheetah Resources Corporate, Yellowknife, NT
dconnelly@cheetahresources.com
This session will report on Cheetah Resources, and Vital
Metals ESG results at the Nechalacho’s North T Mine and
Saskatoon Rare Earth Processing Facility. Contracting the
Yellowknives Dene First Nation’s Det’on Cho Corporation
to do the mining, and adapting and adopting sensorbased sorting technology to beneficiate/concentrate the
rare earth ore has resulted in significant Indigenous
employment, training and procurement results and a
substantial reduction in environmental impact. ESGdriven designs and initiatives at the Saskatoon Rare Earth
12
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Processing Facility will be reviewed.
Increasingly, customers and funders of critical minerals
require that the mine supply chain to market be certified
carbon neutral or net 0. The impacts of this requirement
on the Nechalacho Rare Earth Project will be discussed.

Vital Metals/Cheetah Resources
Corporate Update
Connelly, D.
Cheetah Resources Corporate, Yellowknife, NT
dconnelly@cheetahresources.com
This session will provide an update on Vital Metals and
Cheetah Resources, Canada’s first rare earth mine and
processor. The presentation will discuss the development
and initial two years of production at the Nechalacho
North T Mine and the ongoing commissioning of the
Saskatoon Rare Earth Production Facility, followed by the
plans for building the Tardiff expansion and the expansion
of the Vital’s Rare Earth Processing Facilities.

Metallurgical and geotech drilling at
the Prairie Creek Project, Canada’s
emerging critical metals mine
Cupit, K. and Hazelton, R.
NorZinc Ltd., Vancouver, BC
kerry.cupit@norzinc.com
NorZinc owns and operates the Prairie Creek Mine Site, an
advanced-exploration stage Silver-Zinc-Lead project
in the Nahanni region and expects to be engaging in a
Feasibility Study in the coming months to answer some
key remaining technical details, for which a
comprehensive field program was conducted this
summer.
Investor interest in recent years suggested that additional
confidence in metallurgical performance anticipated in
the first 5 years of production was warranted. In addition,
there was a highlighted need to further constrain the
amount of dilution expected during mining, through a
geotechnical drill program.

With 5,800 m of HQ-sized diamond drilling now complete,
enough material has been sampled, and enough data soon
to be acquired, to better inform the metallurgical model,
the geotechnical model, as well as adding a wealth of
assay data to the upcoming resource and reserve models.
Results are expected later this month and through into
2023.
Planning, modeling, execution and sampling procedures
are recounted, highlighting the workflow needed to
extract multiple layers of data from the 24 holes drilled.

Nickel in Nunavut: Renewable interest
de Beer, S.
Crown Indigenous Relations and Northern Affairs
Canada, Iqaluit, NU
samuel.debeer@rcaanc-cirnac.gc.ca
With the current global drive toward electric vehicles and
away from the internal combustion engine, the metals
which are required to produce rechargeable batteries for
those vehicles have grown in significance worldwide.
Nickel’s primary use in electric vehicles is in rechargeable
nickel-cadmium and nickel-metal hydride batteries, which
are used in both hybrid and fully electric vehicles. Canada
was the world’s sixth-largest nickel producer and seventh
largest nickel reserve holder in 2020, and has an
incredible opportunity to do more exploration, develop its
reserves and boost overall production of nickel.
Nickel deposits are typically found in mafic and ultramafic
volcanic and intrusive rocks, and Cu, Co, and
platinum-group element (PGE) minerals often occur along
with Ni mineralization. Archean greenstone belts, large
igneous provinces (LIPs), and layered mafic intrusions are
common geological hosts for Ni deposits, and all three can
be found in Nunavut.
Nickel exploration in Nunavut goes back almost a hundred
years: it was discovered in Rankin Inlet (Kangiqtiniq) in
1928, and was mined there at the North Rankin Nickel
Mine between 1957 and 1962. There are two highly
prospective Ni occurrences in the territory which are
currently under exploration: the Muskox layered mafic
intrusion, south of Kugluktuk, which is geologically similar
to the Bushveld Igneous Complex in South Africa, and the
Ferguson Lake deposit, which is hosted in the
13
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Archean-age Yathkyed greenstone belt.
The most recent exploration over the Muskox intrusion
has been undertaken by SPC Nickel Corp. and Bathurst
Metals Corp. Bathurst Metals 2021 assay results from a
field sampling program confirmed historic results. At
Bathurst Metals’ Turner Lake project, the company
completed a sampling program in 2021 and has received
its water licence for surface drilling in 2022; the property
also contains gold and PGE mineralization. SPC’s 2022
exploration program included a reinterpretation of
historic geophysical data as well as a sampling program
during June and July 2022. High grade samples were
collected at the SKOX and Spider Lake areas, with the
highest grade sample collected along the West Margin of
the main Muskox Intrusion.
Canadian North Resources’ three rig, 15,000-m drill
program at its Ferguson Lake nickel-copper-cobalt-PGE
project continued into late September. Highlight results
from the first 28 holes drilled include mineralized zones of
0.81% Ni 1.72% Cu and 0.78% Cu and 0.87% NI, and will
be used to update the property’s deposit model and
resource estimate.
Nickel and copper occurrences have also been found at
elsewhere in Nunavut at Turner Lake, James River and
Itchen Lake.
Nunavut can become a major player in the supply chain of
critical minerals, with nickel, copper and PGEs being very
attractive exploration targets.

Update on recent and planned
activities of the Office of the Regulator
of Oil and Gas Operations (OROGO)
de Jong, P.
Office of the Regulator of Oil and Gas Operations,
Yellowknife, NT
pauline_dejong@gov.nt.ca
OROGO holds regulatory responsibility for oil and gas
operations in the onshore Northwest Territories outside
of the Inuvialuit Settlement Region and federal areas. This
presentation will provide a brief update on OROGO’s
activities over the past year and its plans for the coming
year. Areas of focus will include the status of suspended

wells in OROGO’s jurisdiction and compliance and
enforcement activities.

Financial modeling in support of
revising the royalty regime of mining in
the NWT
Doggett, M.1, Dennahower, N.2, and Falck, H.2
1Beach Meadows Resources Inc., Vancouver, BC
2Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
hendrik_falck@gov.nt.ca
The 18th Legislative Assembly of the Northwest
Territories passed the NWT Mineral Resources Act (MRA)
in 2019. This was the first-ever legislation governing
mineral resources drafted in the NWT and it presented a
unique and made-in-the-NWT approach to governing
mineral development. A collaborative approach was used,
reflecting the partnership that exists between the NWT’s
territorial and Indigenous governments guided by
mutually shared goals. Early in the process, it was
collectively agreed, that a fulsome review of the NWT’s
royalty regime would be part of the regulatory
development.
Royalties represent compensation to resource owners,
usually the state, for the right to produce and sell mineral
commodities. While the approach to taxing mineral
production varies widely across jurisdictions, the policy
objective should always be to find the balance between
collecting a reasonable share of mineral value for the state
while leaving sufficient value for corporations to be
incentivised to spend the time and money required to
find, delineate, and develop new mines.
A detailed financial model has been developed to examine
the economic impact of a range of mineral policy options
in the NWT. Our approach incorporates the following
steps: 1) Start with a realistic model from a geological
perspective in terms of the size and grade of deposits
discovered in the NWT. Incorporate development and
production costs that reflect the additional cost burden for
mine development in the NWT. 2) Determine economic
measures for the mine model on a pre-tax basis. This
includes size measures such as total profit and net present
value as well as profitability measures such as internal
14
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rate of return. 3) As a base case, superimpose the existing
royalty structure on the mine model to determine the
total royalty payments over mine life on a cash basis and
on a present value basis. 4) Measure the tax take by
comparing royalties collected with the pre-tax value of the
mine model. This comparison is quantified as the average
effective rate of tax (AERT) and is measured on both cash
flow and present value bases. 5) Model variants to the
existing royalty system comparing royalty variants with
base case results. 6) Consider variants based on metal
price variations over the life of the mine.
While the focus of this work is on royalties collected by
the GNWT, the overall tax take would include territorial
and federal corporate income taxes.

Role of Northern Projects Management
Office in Northern Environmental
Assessments
Dyer, L.
Canadian Northern Economic Development Agency,
Yellowknife, NT
manik.duggar@cannor.gc.ca
This presentation will highlight the role and mandate of
the Northern Projects Management Office (NPMO) within
the Canadian Northern Economic Development Agency
(CanNor) in supporting a consistent and unified voice for
the Government of Canada in Northern environmental
assessments (EA). NPMO ensures that proposed resource
and infrastructure projects examine the potential
environmental and socio-economic effects of activities by
facilitating discussions between Indigenous organizations
and the federal government and/or proponents for a
robust EA process. NPMO was created to help improve the
timeliness, effectiveness and transparency of the
environmental impact assessment and regulatory review
processes for major resource and infrastructure projects
in the three territories, which is vital to attracting
investment into the territories. The presentation will
focus on NPMO’s mandate through its three core
functions: 1) Coordinating the work of federal
departments/regulators in the environmental assessment
and regulatory review process in the three territories;
2) Acting as the Crown consultation coordinator for major
projects in the territories; and 3) Providing advice,
facilitation and convening services to industry, regulatory

boards, northern Indigenous communities and other
major project investors and stakeholders.

Northwest Territories 2022 mineral
exploration and mining overview
Elliott, B.1, Squibb, C.2, and Powell, L.1
1Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
2Mineral Resource Planning, Industry, Tourism and
Investment, Government of Northwest Territories,
Yellowknife, NT
barrett_elliott@gov.nt.ca
Natural Resources Canadas projected exploration
spending for 2022 in the Northwest Territories is
$69.4 million, with $12.3 million in base metals,
$37.8 million for precious metals, $18.7 million for
diamond exploration and $0.5 million for other
commodities. These totals represent a slight increase from
2021 estimated spending of $68.1 million. To date in
2022, 95 claims have been staked and 55 cancelled, along
with 28 lease renewals, 86 lease assessments, and 3 leases
cancelled. Four prospecting permits were issued and one
was cancelled.
Diamond mining operations continued at Ekati, Diavik,
and Gacho Kué mines. Highlights include a 71.26-carat
fancy yellow diamond recovered from the Misery
kimberlite at the Ekati Mine as well as an updated 43-101
filed for the Gacho Kué Mine by Mountain Province. Vital
Metals continued production at the Nechalacho project
and officially unveiled their REE processing facility in
Saskatoon.
Arctic Star Exploration Corp. carried out a 9-hole, 1,098 m
drilling program on their Diagras Project with the
announcement of the Arbutus kimberlite, which contains
coarse olivine and abundant indicator minerals. Mountain
Province Diamonds announced the discovery of new
kimberlites on their Kennady North Project on May 17th.
On September 7th, Gold Terra Resource Corp. announced
an initial Mineral Resource Estimate for the Con Mine
property with a total underground resource of
109,000 oz indicated and 432,000 oz inferred. Nighthawk
Gold Corp. reported the completion of a 40,085 m drilling
program on their Colomac and surrounding properties.
15
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Osisko Metals Inc. provided the results of an updated
Preliminary Economic Assessment for its wholly-owned
Pine Point Pb-Zn Project. NorZinc announced a 5,300 m
drill program at their Prairie Creek Project, along with a
feasibility study level metallurgical test program by SGS
Canada Inc. and preparation work for the construction of
the first phase of a 170 km all-season road.

dataset and identify the geochemical process controlling
elemental occurrence and distribution in black spruce
needles. To achieve these objectives, 2788 black spruce
needle samples were collected across the Northbelt and
Eastbelt of the YCGP and analyzed by ICP-MS using a
multi-element determinations package for unashed
vegetation.

Fireweed Metals Corp. acquired the Mactung Tungsten
Project (located in Yukon and the Northwest Territories),
one of the highest-grade tungsten deposits in the world,
and announced a 7,000 m drill program. Sixty North Gold
reported that they have discovered an IOCG target with a
Ni-Co occurrence in a large hydrothermally altered unit
previously mapped as gabbro on their Mon Gold Property.

Following that, a biogeochemical dataset including Au, As,
Ag, As, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Ni, P, Pb, S,
Sb, Se, Tl, and Zn were prepared and analyzed using
univariate and multivariate statistical analyses, including
principal component analysis (PCA) and inverse distance
weighted (IDW) interpolation method. The univariate
statistical analysis showed that the average Au value in
the black spruce needle is ~0.22 ppb, two times higher
than the background level (~0.12 ppb). Contiguous
anomalous Au values were identified in needle samples
collected proximal to the Ptarmigan and Tom mines
(~10 ppb) and the Ryan Lake target (3.8 ppb). According
to the robust RQ mode-PCA, PC1 and PC2 control the
distribution pattern of elements in black spruce needles.
PC1 includes two sets of elements indicating a
geochemical/mineralization factor (Au, As, Sb, Fe, Pb, and
Mo) and a physiological factor (Cu, Ca, Zn, K, S, P, and Mg).

In 2022-2023, the Mining Incentive Program initially
awarded $1.3 million in funding to 16 mineral exploration
projects, including 5 prospector projects and eleven from
mineral exploration companies. As committed in the 19th
Assembly’s mandate, the Government of the Northwest
Territories' funding for the Mining Incentive Program
increased to $1.3 million in 2022-2023 and will increase
to $1.5 million in 2023-2024 and ongoing thereafter.
From 2014 to 2018, the Mining Incentive Program
directly leveraged $11.8 million in company and
prospector exploration spending. Historically, spending
by companies and prospectors has been three to four
times the Mining Incentive Program funds dispersed.

*Biogeochemical prospecting for gold
at the Yellowknife City Gold Project,
Northwest Territories, Canada
Ghorbani, Z., Van Loon, L., and Benerjee, N.
University of Western Ontario, London, ON
zghorba@uwo.ca
The Yellowknife City Gold Project (YCGP) is a promising
Au district located in proximity to the city of Yellowknife,
Northwest Territories, Canada. Positive results of a short
biogeochemical survey in 2015 over the Crestaurum and
Barney shears (Part 1) resulted in a broad survey over the
early and advanced Au targets across the YCGP (Part 2).
This survey uses a systematic two-phase statistical
approach, including process discovery and process
validation, to evaluate the multi-element biogeochemical

On the other hand, PC2 differentiates these two factors
with more emphasis on the influence of the
geochemical/mineralization factor. The IDW interpolation
method indicates zones of Au enrichments at the YCGP are
associated with different sets of pathfinder elements
based on the bedrock composition and mineralization
style. According to the IDW, elevated Au values associated
with shear zones hosted within mafic/ultramafic bodies
are accompanied by As, Sb, Pb, and Cu, while those located
proximal to late felsic bodies are accompanied by Ag, As,
Se, Hg, and Tl. Zones of Au enrichment located along the
faulted contacts between the felsic-intermediate
metavolcanics and sulphide metasediments are
accompanied by Bi, Se, Hg, and Zn. The results of this
study attest to the robustness of multivariate statistical
analysis in detecting zones of Au enrichment using
biogeochemical exploration.
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*An evaluation of magmatic processes
responsible for tungsten enrichment in
the Canadian Tungsten Belt: Evidence
in melt inclusions of granitoids
associated with the Cantung W‐Cu
deposit
Gomez Garcia, G.1, Wagner, A.1, Adlakha, E.1,
Hanley, J.1, Lecumberri‐Sanchez, P.2,
Rasmussen, K.3, Falck, H.4, and Grondahl, C.5
1Saint Mary's University, Halifax, NS
2University of Alberta, Alberta, AB
3University of British Columbia, Vancouver, BC
4Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
5University of Toronto, Toronto, ON
gabriel.gomez.garcia@smu.ca
Protracted fractional crystallization is an important metal
enrichment mechanism for many critical mineral (e.g., W,
Mo, and Sn) deposits associated with granitic magmas.
However, there is a lack of melt inclusion studies on these
systems to i) demonstrate that these metals behave
incompatibly during crystallization, and ii) that melts are
enriched in these metals relative to the crust.
The major and trace element abundances of
apatite-hosted silicate melt inclusions (SMI) from the
highly fractionated peraluminous monzogranite pluton
(the Mine stock), as well as genetically related aplitic
dykes, associated with the world-class Cantung W-Cu
skarn deposit, Northwest Territories, Canada, are
determined in this study. The data is used to evaluate the
behaviour of W during fractional crystallization and to
determine the concentration of W in the melt relative to
the whole rock to confirm the source and mechanisms for
metal enrichment in W skarn environments.
Homogenized SMI from the Mine Stock and aplite dykes
were analyzed via electron probe microanalysis (EPMA)
to determine their major element composition. The
average (n=11) Mine Stock melt composition is
72.28 ± 2.86 1σ wt.% SiO2, 12.46 ± 1.03 wt.% Al2O3,
0.50 ± 0.27 wt.% FeO, 0.43 ± 0.26 wt.% MnO,
1.78 ± 0.45 wt.% Na2O, and 3.25 ± 1.48 wt.% K2O. The
aplite dykes melts average (n = 7) of 70.09 ± 3.34 wt.%
SiO2, 13.12 ± 1.02 wt.% Al2O3, 0.98 ± 0.23 wt.% FeO,

0.58 ± 0.10 wt.% MnO, 1.80 ± 0.37 wt.% Na2O, and
4.13 ± 0.20 wt.% K2O, similar to the Mine Stock.
The trace element abundances of homogenized and nonhomogenized SMI via laser-ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS) shows higher
average metal concentrations in the aplitic dikes
compared to the Mine Stock. This is expected for more
evolved melts: W (28 ± 19 ppm vs 13 ppm ± 7),
Cs (126 ppm ± 130 vs 107 ppm ± 158), Ta (45 ppm ± 37
vs 9 ppm ± 7), Nb (32 ppm ± 17 vs 12 ppm ± 9), and lower
B (847 ppm ± 526 vs 1242 ppm ± 1139). A negative
correlation between Ta and Nb and lower Nb/Ta ratios in
the aplite dyke melts (0.9 ± 0.7) compared to Mine Stock
(2 ± 2), indicate preferred incorporation of Nb over Ta in
biotite during fractional crystallization. However, no
correlation between W and incompatible elements like Cs
and Ta values are observed, suggesting W is not behaving
similar to these incompatible elements.
Future work includes the analyses of biotite via
LA-ICP-MS to determine their trace element composition
and to confirm the control of biotite over the fractionation
of Nb, Ta, as well as W. The data from this study will also
be used in batch crystallization calculations to model the
trace element behaviour during fractional crystallization
by using published mineral-melt partition coefficients of
the modal minerals present. A comparison to other melt
inclusion studies from other intrusion related W deposits,
porphyry deposits and barren environments would allow
the further constraint of the controls of W enrichment in
these granitic systems.

Creating a database of geoelectrical
surveys of permafrost to assess
changing permafrost conditions in
Northern Canada
Herring, T. and Lewkowicz, A.
University of Ottawa, Ottawa, ON
teddi.herring@uottawa.ca

The effects of climate change are becoming increasingly
evident in Northern Canada as permafrost thaw is altering
landscapes and damaging infrastructure. Understanding
how permafrost conditions vary spatially and temporally
is essential to mitigate these risks. Electrical resistivity
tomography (ERT) is a methodology that is becoming
17
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increasingly common in permafrost research. It is used to
image subsurface resistivity, usually as a cross-section of
the earth along a survey line. Frozen or ice-rich materials
usually appear as highly resistive regions in ERT surveys,
so this method can be used to infer permafrost presence,
distribution, and conditions. Repeated surveys can also
indicate how permafrost is changing over time. The
Canadian Permafrost Electrical Resistivity Survey
database (CPERS) aims to amalgamate ERT surveys
carried out in permafrost regions, process the data in a
standardized way, and make the data easily accessible
with a user-friendly web interface. In doing so, we hope to
facilitate information sharing, enable large scale
interpretations of permafrost conditions, and promote
repetition of surveys to assess how permafrost is
changing over time. Here, we present our progress on the
CPERS database and demonstrate its utility with example
datasets from Northern Canada.

Best practices for geothermal energy
regulation: A jurisdictional review
Hickson, C.1, Hubbard, B.2, Smejkal, E.1,
Archibald, D.2, and Conde Fernandez, L.2
1Terrapin Geothermics, Edmonton, AB
2Extractive Resource Governance Program, School of
Public Policy, University of Calgary, Calgary, AB
cathie@ttgeo.ca
The Northwest Territories has a significant endowment of
natural resources that can be harnessed to increase the
quality of life of its residents, foster the resilience of its
energy sector, and bolster the development of its economy
under sustainability principles. Tightly linked to this is the
need to reduce carbon emissions in order to mitigate
climate change and its resulting impacts.
In 2022, the Government of Northwest Territories
commissioned a report to review the potential for deep
geothermal resources in the Territory and how best to
regulate those resources. The report confirmed that
Northwest Territories has an abundance of geothermal
energy that could be used for heat and power. These
resources are not found everywhere, but where they are
found, they could benefit residents and businesses,
particularly in small, remote communities that currently
rely on power and heat generation from hydrocarbon
fuels.

The work reviewed the policy and regulatory frameworks,
and current state of development of geothermal resources
of seven jurisdictions were studied; Alberta, British
Columbia, Saskatchewan, and the Yukon Territory in
Canada; Nevada and California in the United States and
the Netherlands with a particular focus on a number of
key elements: i) definitions of geothermal energy; ii)
definitions of geothermal resource ownership; iii) systems
of tenure (i.e., the allocation of the right to explore for and
produce geothermal energy); iv) resource royalty
regimes; and v) fiscal incentives for geothermal research
and/or development.
Based on the observations of the geothermal development
frameworks in these jurisdictions, a number of
recommendations on best practices in geothermal energy
regulation were provided for consideration within the
context of the Northwest Territories.
The development of geothermal resources has advanced
significantly since the last time the Government of
Northwest Territories examined its policy and legislative
framework. This issue was last examined by Holroyd and
Dagg in 2011 as part of their report; Building a Regulatory
Framework for Geothermal in the Northwest Territories.
Since this time, the impacts of climate change have
increased in urgency and government policy has evolved
to support the development of lower-carbon renewable
energy sources. Additionally, volatility and escalating
costs of hydrocarbons and the introduction of
carbon-pricing measures has significantly changed the
development landscape.
The Government of Northwest Territories will not be able
to develop these geothermal resources on its own; private
sector investment will be required.
To develop these geothermal energy resources, the
Government of Northwest Territories should: 1) Develop
and implement a strategy for the development of
Northwest Territories geothermal resources. 2) Develop
and implement a legislative and policy framework that
reflects the characteristics of the resource, and the role
the private sector will play in development of those
resources. 3) Invest in geoscience data, information, and
analyses to de-risk private sector investment. 4) Develop
and implement appropriate fiscal incentives, such as the
carbon tax or cap and trade systems, to incentivize private
sector investment in the Northwest Territories
geothermal resources.
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A review of ground temperatures at
the Hans Creek bridge foundation
Hoeve, E.
HoevEng Consulting Ltd., Yellowknife, NT
ed-hoeveng@northwestel.net
The Inuvik to Tuktoyaktuk Highway (ITH) includes 2
single-span and 6 three-span bridges with piers, along its
140 km length. The highway crosses continuous ice-rich
permafrost terrain and sedimentary bedrock is generally
too deep to be accessed for foundation construction.
All bridge abutments and piers are supported on adfreeze
steel pipe piles. Adfreeze steel pipe piles support loads
through the strength of the frozen bond between the steel
pipe pile and the permafrost soil. The design premise is a
predefined allowable settlement over the life of the
structure. The capacity of adfreeze piles is strongly
dependent on the temperature of the permafrost, among
other factors, and pile capacity decreases as the
permafrost warms.
Ground temperatures were collected at all bridge sites to
support design. The site investigation targeted abutment
locations, as pier locations were generally not accessible.
Ground temperatures at the abutments for the Hans Creek
bridge, also referred to as Bridge 30a, at km 51.7 of the
ITH, were determined to be about -2°C at depths below
significant seasonal fluctuations. Design was based on this
ground temperature. The active layer thickness was
assumed to be 3 m, though a potential “active layer”
thickness of 5 m at pier locations was checked.

Overall warming of the permafrost is anticipated in
response to projected climate warming. While some
factors may mitigate the impact on ground temperatures,
it is likely that at least some of the permafrost could
approach the onset of thaw over the design life of the
bridges. A means to facilitate future pier pile stabilization
was incorporated into the design and construction.
This presentation summarizes the ground temperature
monitoring data from the initial six years following
construction and compares it with the design
assumptions. The practical and design implications are
discussed. It is expected that intervention to increase the
capacity of the pier piles may be required sooner than
estimated at the time of design.

Exploring the use of local raw materials
to manufacture cement in Northwest
Territories
Huang, G.1, Lambiv Dzemua, G.2, Cairns, S.2, and
Liu, W.V.1
1Department of Civil and Environmental Engineering,
University of Alberta, Edmonton, AB
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
wvliu@ualberta.ca

The mining industry is the largest contributor to the
economy of Northwest Territories, accounting for about
25% of the territorial GDP in 2021. During mining
operations, cement-based materials (e.g., concrete,
At the time of pile installation, a ground temperature
shotcrete, backfill, and grout) are essential parts of rock
monitoring cable was installed at each foundation
support and infrastructure construction. Currently, all the
element, i.e., at each abutment and both piers. Ground
temperature measurements were initially collected by the cement consumed in the Northwest Territories is
imported from other provinces (e.g., Alberta) and
foundation designer, Kiggiak-EBA Consulting Ltd., and
transported
over long distances (at least 1,800 km). The
since 2017 by the Government of Northwest Territories.
long-distance
transportation not only increases the price
Initial post-construction ground temperature monitoring
of
cement
but
also increases the carbon footprint,
essentially confirmed the design assumptions at the
ultimately affecting the profit and sustainability of the
abutment locations, but ground temperatures at the
mining industry of the Northwest Territories. Recently,
bottom of the pier piles were about -1°C, the warmest
the Northwest Territories Geological Survey identified key
observed at any of the Inuvik to Tuktoyaktuk Highway
raw materials for cement manufacturing within the
bridges. Also, a talik extending to a depth of about 8 m
territories, including limestone, clay, gypsum, and ironbelow ground level is present, which was not observed
rich tailings. Using these raw materials to produce cement
during the site investigation.
locally will not only reduce the cost and emissions related
to long-distance cement shipping, but will also benefit the
The bridges are required to have a 75-year design life.
local economy and employment. However, it is still
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unknown if these raw materials are suitable for cement
manufacturing. Therefore, this investigation is aimed to
explore the suitability of these local raw materials for
cement production.
To achieve this objective, the following experimental
procedures were performed in the labs at the University
of Alberta. First, the chemical compositions of the raw
materials were determined with Scanning electron
microscopy and energy dispersive X-ray spectroscopy
(SEM-EDS), then the proportions of each raw material in
the raw meal was calculated based on their chemical
compositions. After calculation, the raw materials were
crushed, ground, and mixed to prepare raw meal. The raw
meal was calcinated in a furnace, in which the
temperature increased from 20 °C to 1450 °C at
16 °C/min and maintained at 1450 °C for 30 minutes.
Following calcination, the clinker was cooled rapidly to
lower than 50 °C within 5 minutes. Finally, cement
powder was produced by milling the clinker with 5%
gypsum addition. After cement manufacturing, the
compositions of the lab-manufactured cement were
analyzed using SEM-EDS and X-ray diffraction (XRD). The
setting time of the lab-prepared cement was measured,
and the unconfined compressive strength (UCS) of
concrete samples prepared with the lab-manufactured
cement was measured at 1 day, 7 days, and 28 days.
The preliminary results show that concrete samples
prepared with lab-manufactured cement achieved UCS of
10.7±0.7 MPa and 39.8±1.1 MPa at 1 day and 7 days,
respectively, which were comparable to the strength of
concrete prepared with commercial Portland cement. For
example, the 7-day UCS of concrete samples prepared
with lab-manufactured cement was 8.8% higher than that
of commercial Portland cement concrete samples. Based
on these results, it can be concluded that it is feasible to
manufacturing cement using local raw materials of
Northwest Territories.

Performance of calcium sulfoaluminate
cement‐based mixtures used for
permafrost regions
Huang, G., Gupta, R., and Liu, W.V.
University of Alberta, Edmonton, AB
wvliu@ualberta.ca
About 50% of land mass of Canada is covered with
permafrost. In these permafrost regions, a large amount
of valuable mineral deposits are located. To mine in
these permafrost regions, cement-based mixtures
(e.g., concrete, shotcrete, backfill, and grout) are expected
to be widely used for rock support and infrastructure
construction. However, cold temperatures (< 5 °C) at
permafrost environments slow down the strength
development of cement-based mixtures, which decreases
construction efficiency, increases costs, and raises safety
issues. In addition, early-age frost damage may happen if
cement-based mixtures cannot gain sufficient strength
(compressive strength 3.5 MPa) before getting frozen.
Once early-age frost damage happens, the strength of
cement-based mixtures cannot be ensured to reach an
adequate value even if they are re-cured at normal
temperatures (e.g., 20 °C), which is unsafe.
In response these issues, the first author’s Ph.D. program
was aimed to utilize calcium sulfoaluminate (CSA) cement
to develop cement-based mixtures that can achieve fast
strength development in permafrost region applications.
To evaluate their performance, an innovative curing mode
(curing samples in frozen sand) was developed to mimic
the influence of permafrost environments on cementbased mixtures; and experiments were conducted to
investigate the hydration reaction, strength development,
and resistance to early-age frost damage.
The results show that the hydration reaction and the
strength development of CSA-based mortar were much
faster than Portland cement-based mortar at cold
temperatures (< 5 °C). For example, CSA cement-based
mortar cured at -10 °C achieved a UCS of 15.5 MPa at
1 day and 23.2 MPa at 28 days, while OPC-based mortars
almost have no strength developed at 28 days. CSA
cement-based mixtures also showed high resistance to
early-age frost damage owing to the fast strength
development. After re-curing, CSA cement-based mortar
that had exposed to -10 °C reached 117.8% of the UCS of
the same mixtures directly cured at 23 °C, while the data
for OPC-based mortars with and without antifreeze
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admixture (calcium nitrate) were only 56.0% and 45.1%,
respectively.

globally and stands out as a potential producer of ultraclean zinc concentrate.

Overall, this study developed CSA cement mixtures that
can achieve fast strength development and have high
resistance to early-age frost damage for permafrost region
applications. The findings provide a brand-new solution to
accelerate strength development and prevent early-age
frost damage when cement-based mixtures are applied in
permafrost regions.

As the need for sustainable infrastructure increases
through government-backed, post-pandemic
infrastructure stimulus funding, the demand for zinc is
expected to increase, adding pressure to a decreasing
global zinc supply.

Pine Point Project Preliminary
Economic Assessment Update
Hussey, J.
Osisko Metals Incorporated, Montréal, QC
jhussey@osiskometals.com
Osisko Metals Incorporated is creating value in the critical
metals space, and owns a 100% interest in Pine Point
Mining Ltd. which holds the mineral rights to the Pine
Point Project, located on the south shore of Great Slave
Lake in the Northwest Territories.
Pine Point has paved highway access, with an electrical
substation that is connected to the Taltson hydroelectric
dam located on-site, as well as 100 km of viable haulage
roads from the Cominco Limited production era
(1964-88).
In July 2022, the Company released a NI43-101
Preliminary Economic Assessment (“2022 PEA Update”)
that estimated an after-tax NPV of $602M and an IRR of
25%. It is based on current Mineral Resource Estimates
that are amenable to open pit and shallow underground
mining and consist of 15.8Mt grading 4.17% Zn and
1.53% Pb of Indicated Mineral Resources and 47.2Mt
grading 4.43% Zn and 1.68% Pb of Inferred Mineral
Resources. The Indicated and Inferred Mineral Resource
tonnages have increased by 22% and 26%, respectively
since the 2020 PEA. The increases in tonnage/grade are
attributable to parameter changes used for the pit shells
and the cut-off grade calculation.

The company is currently measuring the Greenhouse Gas
Footprint for the proposed project. The 2020 PEA had
already included ways to reduce energy usage and costs
by incorporating XRF material sorting methods to
separate potential mill feed material based on the density
differential between mineralization and the dolomitic host
rocks. This would reduce the tonnage throughput to
process in the concentrator by approximately 40%. LNG is
also being proposed as an option to produce energy and
potentially fuel the mine fleet.
Pine Point hosts approximately 100 deposits, when
considering both historical and current mineralization,
hosted in three trends and spread over more than 72-km
of strike length.
Since 2018 our team has created a 3D geological model
from 20,000 historical drill holes (1945-2012) that were
recovered and converted into a modern digital database.
They were compiled into accurate GIS space using LiDAR
and DGPS surveys. The model includes field mapping, and
drilling results since 2012. Geophysical surveys included
modern airborne gravity and magnetic gradiometry,
ground-based IP and gravity surveys. This 3D model was
used for hydrogeological modelling.
These datasets have been integrated and can now be
viewed for interpretation at a regional and/or deposit
scale. The deposits are characterized as either “Tabular”
or “Prismatic” Types. The Pine Point geological model has
historically been classified as “MVT-Type”. Our team has
classified Pine Point as “Carbonate Hosted Pb-Zn”,
demonstrating structural and stratigraphic control.
Mineralization was precipitated from low-temperature,
weakly acidic, hydrothermal fluids from which
dissolution, alteration and resultant mineralization
occurred.

The 2022 PEA included reduced dewatering estimates
and price increases for commodities. Pine Point will be
one of the most advanced zinc development projects
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*DNA sequencing and microbial
community fingerprinting applied to
through‐cover mineral exploration
Iulianella Phillips, B., Simister, R., Wickham, A.,
Cayer, E., Hart, C., and Crowe, S.
The University of British Columbia, Vancouver, BC
bphillips@eoas.ubc.ca
Mineral exploration in northern latitudes is becoming
increasingly more challenging as undiscovered deposits
are likely buried beneath appreciable glacial overburden
and/or bedrock. The effectiveness of many existing
mineral exploration tools is diminished as these
approaches frequently fail to detect mineralization
through thick surface materials. Therefore, the
development of innovative exploration strategies and
robust techniques to see through cover is imperative to
future mineral deposit discovery success.
Microbial communities are sensitive to subtle
environmental gradients, and they will reflect these
gradients through spatial variability. Variations in
microbial community profiles, induced by chemical and
physical differences related to geology, are detectable and
can be used to vector toward discrete geological features.
Results to date demonstrate viability of microbial
fingerprinting to directly identify the sub-crop of
mineralization at two porphyry copper deposits in British
Columbia and two kimberlites in the Northwest
Territories. Microbial community profiling of soils above
these deposits reveals significant microbial community
shifts with a distinct species-level community response,
correlated with subsurface ore mineralization.
Outcomes from these deposit-scale studies have
highlighted the potential for geomicrobiological tools and
techniques for successful application to through-cover
mineral exploration. Current research focuses specifically
on reducing fundamental unknowns about the behaviour
and variation of microbial communities in response to
chemical and physical changes in the environment. This
includes assessing how microorganisms sense and utilize
economic minerals; exploring microbial community
composition and metabolic potential in northern soils in
response to changes in temperature and water content;
and assessing the impact of transport and storage on the
persistence of microbial community anomalies in soils.
These investigations serve to support the use of
microbiological-based mineral exploration in different

mineral systems, in various terrains and climates, and to
develop practical and informed transport and storage
protocols for industry.

Geochemical characteristics and
reactivity of arsenic trioxide roaster
waste from the Giant Mine,
Yellowknife, Canada
Schoepfer, V.1, Lum, J.1, McBeth, J.1, 2,
Radková, A.3, Jamieson, H.3, and Lindsay, M.1
1University of Saskatchewan, Saskatoon, SK
2University of Regina, Regina, SK
3Queen's University, Kingston, ON
jamieson@queensu.ca
Gold production at the Giant Mine produced over 237,000
tonnes of arsenic trioxide roaster waste (ATRW) that is
stored in underground chambers. The Giant Mine
Remediation Project includes in situ freezing for physical
and chemical ATRW isolation. However, the Giant Mine
Oversight Board is supporting research that explores
potential alternative physical and chemical ATRW
stabilization approaches.
Our first task is to understand the mineralogy, chemistry,
and elemental composition of the ATRW. Then, once we
have a better understanding of the ATRW makeup, we can
learn how and where several key elements, including As,
Ca, Fe, and Sb, are contained in the ATRW dust. With this
information, we can then ask how the As will dissolve as a
function of pH, temperature, and ionic strength. This
information on dissolution will be useful to other
researchers developing approaches to contain the As
(e.g., in an Fe mineral) and stabilize it more effectively for
the long term.
Our mineralogy and chemistry results show that ATRW is
a fine-grained dust, comprised largely of arsenolite
(As2O3) where the bulk is composed of up to 97% As,
13% Fe, 4% Sb, and <1% Ca. Synchrotron-based microX-ray fluorescence imaging revealed that ATRW dusts are
relatively uniform in elemental composition between
chambers and grains, however electron microprobe
analysis data suggests moderate Sb substitution in a small
proportion of ATRW grains. There was no apparent
elemental zonation to separate one element from another.
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Knowing that the ATRW dust is spatially homogenous
and resembles arsenolite grains, we hypothesized that
elemental dissolution would occur uniformly. Dissolution
conditions included pH 4, 6, and 8, 0.02 M and
0.20 M NaCl, and 25 and 5 degrees Celsius. The
temperature affected As concentrations the most, while
pH did not play a large role. In all experiments,
incongruent elemental dissolution occurred, with 40-50%
of the As and 30-50% of the Ca dissolving, but only 2-7%
of the Sb dissolved, while Fe dissolution was not apparent.
Despite some apparent limited dissolution, secondary
reactions may limit final aqueous concentrations.
Upcoming work will image the remaining solids to
understand where dissolution occurred, if dissolution
happened on a spatially uniform basis, or if any spatial
patterns emerge. Additionally, we will synthesize various
Fe-As minerals and use a variety of synchrotron methods,
including X-ray absorption spectroscopy, X-ray diffraction,
and micro-X-ray fluorescence, to examine the stability of
these phases under different conditions. Our data can
improve understanding of controls on As mobility, and
may support ongoing remediation efforts, and offer
insights into As behavior in the surrounding environment.
Overall, we are obtaining a better understanding of the
ATRW, including what the ATRW is, where As is located
within the ATRW dust, how As will dissolve from the dust,
and soon, if and how Fe can permanently contain As.

Controls on the environmental
mobility of rare earth elements
Jamieson, H.1, Lussier‐Purdy, C.1, Taylor, A.1,
Harrison, A.2, Leybourne, M.1,
Lambiv Dzemua, G.3, and Falck, H.4
1Queen's University, Kingston, ON
2Geoscience Environment Toulouse,
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
4Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
jamieson@queensu.ca

T-zone, as the larger Tardiff and Basal zones are being
evaluated for future production. In this study, crushed ore
from the T-zone and pilot plant tailings from the Basal
Zone was used to investigate rock-water interactions that
influence the concentration of REEs in water.
For the Basal Zone project, shake flask tests mixed pilot
plant tailings with three different waters: distilled
deionized water (DI, pH 5, simulating precipitation),
lake water (pH 8, simulating potential tailings
impoundment), and water from the pilot plant processing
(pH 8, simulating pre-disposal reactions). The fluids were
first filtered to 0.45 µm, then ultrafiltered to 10 nm. REEs
<0.45 µm but >10 nm are considered colloidal and not
likely bioavailable. Ultrafiltration removed most of the
REEs for all three waters. For DI water, ~90% the REEs
were removed and the 10 nm filter contained tiny
particles of zircon and other REE-hosting ore minerals.
The filters from the lake (80% REEs removed as colloids)
and pilot plant water (50% removed) contained
REE-bearing Fe and Mn oxydroxide colloids.
Samples from the T-zone project were disaggregated to
concentrate the bastnaesite REE(CO3)F and parasite
CaREE2(CO3)3F2 ore minerals and run in batch
experiments with waters having initial values of pH at
2, 4, and 9. Over the two-week experiment, the pH of fluids
that began at 2 and 9 remained relatively constant,
whereas those that began at pH 4 increased to a range of
6.5 to 7.8, indicating limited neutralization capacity of
these fluorocarbonate ore minerals. REE fluid
concentrations were highest in the pH 2 experiments and
released REEs fastest from finer-grained starting
materials.
These results indicate that pH and the formation of
colloids are important factors controlling the
concentration of REEs in surface water. Maintaining
neutral pH and employing settling ponds or filtration for
mine drainage should limit REE release to the aquatic
environment.

Canada’s newest rare earth element (REE) mine produces
ore from the Nechalacho deposit in the NWT. Since 2021,
concentrate has been extracted from the pegmatitic
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*Strain‐induced sulfide concentration
during F1 folding at the Howards Pass
Zn‐Pb deposits
Kamal, D.1, Hickey, K.1, and Reynolds, M.2
1University of British Columbia, Vancouver, BC
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
dkamal@eoas.ubc.ca
The shale-hosted massive sulfide (SHMS) Zn-Pb deposits
of the Howards Pass district along the NWT-Yukon border
were deformed during the Cretaceous Cordilleran
Orogeny. During Cordilleran deformation, rocks hosting
the SHMS deposits were shortened into upright, gently
plunging folds. This F1 phase of folding is the primary
control of the current geometry of Zn-Pb ore. This study
seeks to elucidate the textural and geochemical
consequences of Cordilleran deformation on SHMS Zn-Pb
deposits at Howard’s Pass and assess whether ductile
deformation modified their economic viability.
A steep NW-SE, slaty foliation (S1) axial planar to F1
folding formed during crustal shortening. S1 is welldeveloped in most lithologies across the Howard’s Pass
district. S1 typically comprises penetrative dissolution
seams composed of insoluble carbonaceous material and
phyllosilicates. Within the stratiform ore horizons, hosted
within black siliceous, calcareous, and carbonaceous
mudstones of the Silurian to Ordovician Duo Lake
Formation, S1 manifests as prominent seams of sulfide
that are axial planar to folds. Sulfide laminae in the
microlithons between the seams are relatively planar and
little deformed. However, the trace of carbonaceous-rich
laminae passing through the seams define tight folds
indicating that the seams themselves accommodated
significant shortening during their formation.
Sulfide-rich seams range from <1mm to >5mm wide.
Prominent seams are typically spaced 0.5 – 1 cm apart.
The larger seams are sub-normal to compositional
layering and crosscut all laminae within the mineralized
intervals. Smaller seams (<1mm) are restricted to sulfideand quartz-rich laminae. The seams are composed of
sphalerite (>70%) with two distinct textures: the first is
developed on the seam centerlines as coarse, up to 3mm
in diameter, sphalerite crystals. These contain inclusions
of galena and pyrite. The second texture forms the bulk of
the seam and comprises fine-grained sphalerite <100µm
that wraps around the coarse sphalerite. The seams are
depleted in quartz and carbonate and concentrated in

phyllosilicates. Although galena is found as inclusions in
sphalerite, it is common for seams to transition from
sphalerite-dominant to galena-dominant at their tips. The
seams often develop adjacent to, or on the edge of,
deformed carbonate veins that locally contain coarse
sphalerite crystals.
Previous workers have described these seams as
dewatering structures that developed during the
compaction and progressive deformation of unlithified
sediments. We interpret them as forming during
Cretaceous deformation and being S1 equivalent within
the ore zone. Preliminary estimates indicate that the seam
development involved ~50% volume loss of the original
sedimentary laminae with near-total dissolution of quartz
and carbonate, at least some of which is locally
reprecipitated in bedding parallel veins. The near
monomineralic concentration of sphalerite resulting from
this volume loss enabled sphalerite to deform in a
microstructurally compatible manner than the adjacent
silicate-carbonate bearing laminae, and strain was
preferentially concentrated in the seams. Less compatible
grain-scale deformation between sphalerite and minor
volumes of galena likely caused the galena to be
preferentially remobilized toward the tips of the seams
where strain was lower. Non-mineralized silicatecarbonate sedimentary laminae contain a more
penetrative dissolution cleavage (S1), as the strain was
distributed without preferential partitioning into
sphalerite.
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The Northwest Territories Thermokarst
Mapping Collective: A northern‐driven
collaborative mapping framework for
understanding the distribution and
effects of permafrost thaw

research partners and mapping progress, without
interruption by the COVID-19 pandemic. The mapping
outputs of thermokarst landforms and indicators of
thaw-sensitive terrain were validated against
independent datasets and will provide the first inventory
describing the distribution of thermokarst terrain types
for a 2 million km2 region of northwestern Canada.

Kokelj, S.1, Gingras‐Hill, T.2, Daly, S.3, Morse, P.4,
Rudy, A.1, Wolfe, S.4, Baltzer, J.3, Fraser, R.5,
Lantz, T.6, O'Neill, B.4, Quinton, W.3, Weiss, N.1,
van der Sluijs, J.7, Chiasson, A.8, Ferguson, C.9,
Paul, J.3, Pope, M.10, Wilson, A.1, and Young, J.8
1Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
2Wilfrid Laurier University/ESRI, Yellowknife, NT
3Wilfrid Laurier University, Yellowknife, NT
4Geological Survey of Canada, Ottawa, ON
5Canada Centre for Remote Sensing, Ottawa, ON
6University of Victoria, Victoria, BC
7NWT Centre for Geomatics, Government of Northwest
Territories, Yellowknife, NT
8University of Alberta, Edmonton, AB
9Aurora Research Institute, Inuvik, NT
10Queens University, Kingston, ON
steve_kokelj@gov.nt.ca

Analytical comparisons with national- and circumpolarscale modeling products that aim to depict sensitive
permafrost terrain highlight some limitations of existing
broad-scale spatial data, and demonstrate that TMC
spatial products are generating new, empirically-based
knowledge of the nature and distribution of
thaw-sensitive terrain. The resulting data and analyses
contribute to a more holistic understanding of
thaw-driven landscape change and support novel
opportunities for regional and community-based
syntheses. This knowledge will refine depictions and
inform modeling of thaw-sensitive permafrost terrain,
which is urgently required to better understand what
permafrost thaw means for Canada’s North.

This talk overviews the development, implementation,
and progress of a northern-driven project called the
Northwest Territories Thermokarst Mapping Collective
(TMC) in which permafrost researchers across Canada
collaborate to produce empirically-based inventories of
thermokarst landforms and indicators of permafrost thaw
sensitivity for the Northwest Territories, Canada. The
project has addressed a significant knowledge gap on the
distribution and variability of permafrost-driven
geohazards and thaw-sensitive terrain and it has fostered
science collaboration and linkages with stakeholders.
Increased Northwest Territories -based permafrost
science capacity enabled project development and
implementation through the provision of project
leadership, and the fostering of partnerships with
government and academic collaborators focused on
addressing project and stakeholder needs. Ongoing
communications of methods and maps have informed
study design and strengthened linkages with northern
organizations and Indigenous partners. Theme-based
inventory methods supported mapper training and
implementation, and the flexible data infrastructure
facilitated continued engagement of Canada-wide

The curious case of land use permit
extensions in the Mackenzie Valley
Kruger, T.
Lawson Lundell LLP, Yellowknife, NT
tkruger@lawsonlundell.com
The Mackenzie Valley Land Use Regulations (“MVLUR”)
issued under the Mackenzie Valley Resource Management
Act (“MVRMA”), contain prohibitions on carrying out
certain land use activities in the Mackenzie Valley without
a land use permit (“LUP”). LUPs are required to conduct
land use operations across many different sectors of
society, including by governments, municipalities,
Indigenous communities, construction, energy, and the
minerals industry. Most commercial mineral exploration
activities of even a modest size will require a permit.
LUPs are issued by the Mackenzie Valley Land and Water
Board (“LWB”), whose objectives under the MVRMA are
“to provide for the conservation, development and
utilization of land and water resources in a manner that
will provide the optimum benefit generally for all
Canadians and in particular for residents of the Mackenzie
Valley.” The term of a LUP must be based on the estimated
25
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dates of commencement and completion of a land use
operation, for a period not exceeding five years. The
MVLUR state that “the Board may extend the term of the
permit for an additional period not exceeding two years”.
The MVLUR do not expressly limit the amount of times an
LUP may be extended for an additional period.
In summer 2020, in the midst of the COVID-19 pandemic,
the LWB indicated that under its interpretation, it cannot
extend an LUP issued under the MVLUR more than once.
The Chamber of Mines (“Chamber”) disagreed. The LWB
commenced a proceeding inviting recommendations on
the question. The Board ultimately concluded the MVLUR
do not allow multiple permit extensions. The Chamber
challenged this interpretation and sought judicial review.
While the Chamber ultimately withdrew its judicial
review for its own reasons, the question remains live
given that the LWB subsequently wrote to the Minister
asking that the MVLUR be amended to bring more clarity.
This session will discuss the wording of the regulation, the
arguments on judicial review, subsequent events, and
what the future may hold.
*Note the presenter was counsel for the Chamber on the
judicial review, but the views in this presentation are his
own and not necessarily those of the Chamber.

Northwest Territories critical minerals
endowment
Lambiv Dzemua, G., Normandeau, P.,
Reynolds, M., and Cairns, S.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
gideon_lambiv@gov.nt.ca

the Northwest Territories. These include lithium, rare
earth elements (REEs), rare metals, cobalt, and zinc.
Lithium, a vital battery metal, is common in many granitic
pegmatites that intrude the Yellowknife Supergroup
metasedimentary formations east of Yellowknife. It occurs
in spodumene and amblygonite-montebrasite, in crystals
up to 1 m long, which may account for over 50% of the
modal mineralogy of some zones. Some of the pegmatites,
e.g., Best Bet and Moose, also contain columbite-tantalite,
graphite, and cassiterite mineralization. The Moose and
Best Bet pegmatites were intermittently mined for
tantalum, niobium, and lithium between 1942 and 1954.
The Northwest Territories’ REEs occurrences include
Nechalacho, Canada’s only operating REE mine, and the
Leith and Squalus Lakes carbonatite-bearing alkaline
complexes in the interior of the Slave Province. The
Nechalacho deposit contains both light and heavy REEs.
Mineralization is associated with peralkaline granite and
syenites in Nechalacho and syenites and carbonatites in
Leith and Squalus Lakes. The Nechalacho deposit also
contains tantalum, niobium, beryllium, and fluorspar
mineralization.
Cobalt, an essential component of rechargeable lithiumion batteries, has a narrow supply base with the
Democratic Republic of Congo accounting for ca. 70%
of global production. The Northwest Territories’
inventory includes the NICO deposit with estimated
33 million tonnes of probable and proven reserves
containing over 37 kilotonnes of cobalt. NICO is one of
many Iron-Oxide-Copper-Gold occurrences documented
across the territory. Other cobalt occurrences include
five-element vein-type mineralization common in the
East Arm and the Great Bear Lake areas. Cobalt is also
associated with magmatic nickel and copper
mineralization in ultramafic and mafic rocks.

Demand for vanadium is steadily rising because of the
increasing use of vanadium redox flow batteries at
The Northwest Territories’ old and complex geological
commercial scales to store renewable energy. The
landscape is endowed with many mineral deposit types,
Northwest Territories’ vanadium inventory includes the
hosting diverse mineral commodities including battery,
Caribou Lake Gabbro (CLG) and the Van property
magnet, photovoltaic, and technological metals. These
occurrences. The CLG was extensively drilled in 2007 as
commodities are essential in the global transition to a
part of a Cu-Ni-Co sulfide exploration program. It contains
green economy because of their pivotal roles in electric
vanadium-enriched titanomagnetite bands with up to and
vehicles, wind and solar energy, and other modern
above 0.9 wt. % V2O5. Vanadiferous titanomagnetite
technologies. However, their supply chains are vulnerable
deposits account for the bulk of global vanadium
to disruption and, they have been classified as Critical
production. The Van property in the Flat Lakes area,
Minerals. Of the 31 commodities on Canada’s Critical
Mackenzie Mountains, contains black shale-hosted
Minerals list, at least 23 have documented occurrences in
vanadium mineralization with up to 1.6 wt. % V2O5.
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However, mineralization in the property remains poorly
constrained.
The Northwest Territories’ zinc endowment includes Pine
Point, Prairie Creek, Howards Pass, and Gayna River
deposits. These deposits have significant zinc reserves
with potential indium, germanium, and gallium credits.

Blue Star Gold Corp Update
Lamming, J.
Blue Star Gold Corp., Vancouver, BC
jaida.lamming@bluestargold.ca
Blue Star is a gold company focused on exploration and
development within Nunavut, Canada. Blue Star’s
landholdings total approximately 270 km2 of highly
prospective and underexplored mineral properties in the
High Lake Greenstone Belt, Nunavut. The Company owns
the Ulu Gold Property mining lease, an advanced gold
project, the highly prospective Hood River Property that is
contiguous to the Ulu lease, and the Roma Project.
A significant high-grade gold resource exists at the Flood
Zone deposit (Ulu lease) which saw advanced exploration
with underground development in the late 1990’s. Blue
Star Gold’s focus is the further evaluation of the Flood
Deposit in parallel to more aggressive evaluation of the
numerous high-grade gold occurrences on the Ulu and
Hood River Projects and more recently on the Roma
Project. Exploration programs have been designed to
evaluate potential for additional resources proximal to the
Flood Deposit and more recently the development of a
target pipeline. Programs to date have successfully
evaluated under-drilled portions of the Flood deposit,
expanded nearby targets and generated a pipeline of
priority targets from the numerous gold showings on the
properties.
The current Ulu Gold project is somewhat unique since in
parallel to exploration Blue Star has committed to the
landowners to progressively remediate the activities of
previous operators. This includes monitoring of
contaminated soils and creation of a landfill to manage
historical stockpiles of non-hazardous wastes.
Blue Star is listed on the TSX Venture Exchange under the
symbol: BAU, the U.S. OTCQB Venture Market under the
symbol: BAUFF, and on the Frankfurt Exchange under the

symbol: 5WP0. For information on the Company and its
projects, please visit our website: www.bluestargold.ca.

Multi‐year permafrost change tracked
using ground temperatures and repeat
electrical resistivity tomography,
Alaska Highway corridor
Lewkowicz, A.1, Herring, T.1, Duguay, M.2,
Bevington, A.3, and Smith, S.4
1University of Ottawa, Ottawa, ON
2BGC Engineering Inc., Vancouver, BC
3Government of British Columbia, Prince George, BC
4Geological Survey of Canada, Ottawa, ON
alewkowi@uottawa.ca
Changes in permafrost conditions from 2010-2021 were
examined using repeat electrical resistivity tomography
(ERT) at eleven permafrost sites spread along 1200 km of
the Alaska Highway corridor from northern British
Columbia to the Yukon-Alaska border. Sites were
surveyed twice at an interval of 5 years (two sites) or
9 years (five sites), or annually over 11 years (four sites).
Ground temperatures were monitored continuously in
boreholes to a maximum depth of 8 m.
Sites to the southeast of Whitehorse were warmer
(>-0.25°C) and experienced minimal changes in mean
annual ground temperatures between ERT surveys.
Monitored sites between Whitehorse and the US border
were colder (<-0.25°C) and except for one, warmed by
0.1 to 0.2°C between surveys. Despite this variation,
almost all the ERT surveys showed reductions in values
for the top layers of permafrost, reaching 50% or more at
some sites.
The annually surveyed sites were equipped with
permanent electrode arrays, ensuring that each repeat
ERT survey was undertaken along exactly the same
profile. Repeat surveys at the other sites were set up with
the borehole as the fixed mid-point and oriented using
coordinates obtained with a hand-held GPS. Despite the
potential for coordinate error within the forest cover,
major along-profile features, such as a resistivity anomaly
where the profile crossed a revegetating cut-line, were
maintained between surveys, providing confidence in the
resurvey technique.
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We conclude that repeat ERT surveys can serve as a
revealing proxy of ground temperature change even at
sites without boreholes, providing the survey lines are
adequately referenced. At sites with boreholes, ERT
surveys appear more sensitive to changing permafrost
conditions than ground temperatures when internal thaw
is occurring within the soil at temperatures close to 0°C.

communities respond to and interact with these changes.
This presentation will focus on the results of our 2022
spring freshet fieldwork, where we measured substantial
change over this short, dynamic period.

*An updated correlation framework
between the Paleoproterozoic
Nonacho Group and Thluicho Lake
*Ecological and biogeochemical
dynamics at the onset of spring thaw in Group based on new detrital zircon
geochronology
five arsenic‐contaminated lakes near
Yellowknife, NWT, Canada
1
1
2
Little, A.1, Palmer, M.2, Amyot, M.3, and
Korosi, J.1
1York University, Toronto, ON
2Aurora Research Institute, Yellowknife, NT
3Université de Montréal, Montréal, QC
ajlittle@yorku.ca
From 1948-1999 Giant Mine released >20,000 tonnes of
arsenic trioxide into the environment near Yellowknife,
Northwest Territories. Substantial resources are being
directed to remediate the landscape on the mine property,
however, the extent of contamination extends well
beyond this boundary. There is currently no remediation
plan for the region outside of the property’s perimeter,
thus understanding processes that control the recovery of
the landscape will be critical as communities navigate
decisions about the future use of these areas. Due to their
role as sinks in the landscape, lakes have been particularly
impacted by arsenic contamination. Unfortunately, little is
known about the long-term impacts of arsenic in subarctic
aquatic systems, especially when it comes to time of year
and complex, interacting trophic levels. In order to
address this research gap, we selected five lakes in the
Yellowknife region spanning gradients of arsenic and lake
depth and size in order to sample across seasons for
water chemistry and plankton community assemblage.
Recent studies have suggested that phytoplankton play an
important role in arsenic biogeochemical cycling via the
biodetoxification pathways they provide. However, most
plankton sampling takes place during summer and is
therefore likely to miss important periods of
ecotoxicological processes. Our research aims to explore
the variation in lake water arsenic concentrations and
speciation throughout the year, and how plankton

Lockie, J. , Ielpi, A. , and Fischer, B.
1Laurentian University, Sudbury, ON
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
jlockie@laurentian.ca
Sedimentary basins hold evidence that aid in the
reconstruction of large-scale geodynamic processes that
controlled their formation and evolution. The detrital
zircon record of these basins, specifically, provides a
"fingerprint" of their genetic history that, combined with
the study of depositional environments, can provide
information on ancient sediment transport pathways. The
clastic Nonacho Basin in the southwestern Rae craton
(Northwest Territories) records alluvial, fluvial, and
marine sedimentation, and has been classically
subdivided in six formations. Despite its development
during the Rae craton's 2.1–1.8 Ga amalgamation into the
supercontinent Nuna, the Nonacho Group’s correlation to
other supracrustal assemblages in the region has not been
firmly established to date. Here, new field data collected in
the summer of 2022, in combination with recent detrital
zircon analysis, is used to provide an updated evaluation
of its correlation with the nearby and broadly coeval
Thluicho Lake Group (Saskatchewan). A new maximum
depositional age for the Nonacho Group confirms that its
initiation took place after the convergence of the Slave and
Rae cratons, therefore relating the Nonacho Group, like
the Thluicho Lake Group, to post-orogenic development.
Despite having formed in the aftermath of the same
supra-regional tectonic event, disparities are recorded
between the detrital zircon spectra of the two Groups.
Furthermore, recent field data hint at a marine influence
in the Nonacho Basin, whereas the interpretation of the
Thluicho Lake Group remains to date as strictly
28
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continental. In this talk we explore the hypothesis that,
despite the two groups bearing different records of
depositional environments and source areas, they may
have formed in response to the same broad geodynamic
events – namely the Paleoproterozoic post-orogenic
relaxation of the Rae craton after its incorporation into the
Nuna Supercontinent.

*Neoarchean sedimentation events in
the Winter Lake greenstone belt:
A new story told through lithofacies
analysis and coupled U‐Pb‐Hf detrital
zircon analysis
MacMillan, E.1, DeWolfe, M.2, Partin, C.1, and
Knox, B.3
1University of Saskatchewan, Saskatoon, SK
2Mount Royal University, Calgary, AB
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
ejm784@usask.ca
The origin of the Slave craton’s basement material and its
relationship with the overlying supracrustal package
remains largely elusive. A way to address this problem is
by studying the derivatives of these rocks fortuitously
preserved within the sedimentary strata. The Winter Lake
greenstone belt of the Slave craton is an ideal location to
study early Earth’s tectonomagmatic evolution because it
hosts ca. 3.3–2.5 Ga rocks, one of the longest preserved
and unfragmented rock records within the Slave craton.
This project investigates the depositional environments
and tectonic settings of the Itchen and Sherpa formations
of the Winter Lake greenstone belt through bedrock
mapping and coupled U-Pb-Hf detrital zircon analysis to
understand the belt’s origin and evolution as well as
provides new constraints for reconstructing the
Neoarchean evolution of the Slave craton.
The Itchen Formation consists of compositionally and
texturally submature mudstone, siltstone, and sandstone,
with preserved graded bedding, planar bedding, and
flame structures. The Sherpa Formation is dominated by
polymictic conglomerates and coarse-grained sandstones,
with preserved crossbedding, imbricated clasts, and scour
surfaces. A traditional Buchan metamorphic sequence
from chloritoid-bearing greenschist facies to sillimanite-

bearing amphibolite facies is evident in the Itchen
Formation. However, a gap in P-T-T space is missing from
the belt’s core. Furthermore, the Sherpa Formation
records a different metamorphic grade at actinolitebearing greenschist facies. However, a new peakmetamorphic condition of garnet-staurolite-amphibolite
facies for the Timiskaming-type rocks of the Slave craton
are recorded. U-Pb detrital zircon ages for both
formations share comparable ages that record the entire
history of the Winter Lake greenstone belt. The Hf isotope
data ranges from ehf = -8 to +8, with rock predating
ca. 2.8 Ga representing juvenile material and rocks
postdating ca. 2.8 Ga representing dominantly evolved
sources.
The Itchen and Sherpa formations are the result of two
separate mass-sedimentation events in the Slave craton.
The basin style for the Itchen Formation is interpreted as
an extensional setting that records the end of volcanism in
a back-arc basin through minor debris flows and
suspension sedimentation in levee and distal fan deposits
on an abyssal plain. In contrast, the Sherpa Formation is
interpreted to have formed in an overall compressional
regime, where mini-basins formed due to transpressional
motion associated with the Beniah Fault. Detrital zircon
geochronology of the two formations demonstrates that
input comes from volcanic rocks derived from the Winter
Lake belt, syn-volcanic plutons, and basement sources.
However, mudstone clasts of the Itchen Formation are a
significant component within the Sherpa Formation,
indicating a clear stratigraphic relationship and a
depositional hiatus between the two formations. New
information regarding peak metamorphic conditions
within the Sherpa Formation and the placement of
isograds within the sedimentary units suggests that the
geometry of the belt can be best explained through thrust
faulting and crustal stacking instead of the currently
proposed syncline model. These findings support a suballochthonous model where island arcs accreted onto a
protocontinent composed of dominantly juvenile
basement material.

GEM‐GeoNorth: Maps and Minerals
Mate, D.
Geological Survey of Canada, Ottawa, ON
david.mate@nrcan-rncan.gc.ca
GEM-GeoNorth is the latest installment of the Geo29
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Mapping for Energy and Minerals (GEM) Program,
a geoscience research initiative delivered by Natural
Resources Canada through the Geological Survey of
Canada. The program, which began in 2020 and will
run until 2027, continues to enhance our geological
understanding of Canada’s North in support of economic
development and in the context of a changing climate,
focusing on areas with high potential for critical minerals
and other mined commodities.
GEM-GeoNorth is based on five strong pillars: 1) Refine
geological knowledge regarding untapped resource
potential in Canada’s North; 2) enhance understanding of
rapidly changing landscapes and coasts to support
economic development via critical infrastructure;
3) develop and provide new public geoscience to inform
environmental assessments; 4) leverage innovative
data-driven predictive methods to forecast cumulative
impacts in a changing climate; and 5) Co-develop research
priorities and products with Northerners and Indigenous
peoples.
In its third year of programming, GEM-GeoNorth remains
interested in mapping remote and difficult-to-access
regions, and conducting permafrost and other
complementary geoscience research, with the aim of
assessing risks to Northern infrastructure in a changing
climate.
Similar to its predecessors, the newest iteration of GEM
continues to engage with an Advisory Group of
Northerners, holding bi-annual meetings, with indigenous
communities and organizations to discuss research
projects and results. Community engagement is a strong
component of the renewed program and our approach on
aligning our priorities and theirs will be discussed
throughout the presentation.
The presentation will also provide updates on tasks, steps
and results that have occurred since the beginning of
GEM-GeoNorth. This will include: i) Internal calls for
research proposals, as well as external calls for grants and
contributions; ii) Field work updates for 2022 and
tentative fieldwork for 2023; iii) Aligning our research
priorities with Indigenous and Northern governments and
organizations’; and iv) Launching our impact assessment.

Nighthawk Gold’s Colomac Gold
Project: An emerging large‐scale,
open‐pit operation in an
underexplored Greenstone Belt
McBride, J.
Nighthawk Gold Corp., Toronto, ON
jmcbride@nighthawkgold.com
Nighthawk Gold Corp., is a Canadian gold exploration and
development company that holds a 100% interest in the
930 km2. district-scale land located 220 km north of
Yellowknife, which hosts the underexplored Indin Lake
Greenstone Belt. The Company is advancing its Colomac
Gold Project comprised of the Colomac Centre and
Satellite deposits. The Colomac Gold Project has a Mineral
Resource Estimate of 58.2 million tonnes grading
1.44 g/t Au for 2.69 million ounces in the Indicated
category and 19.7 million tonnes grade 2.10 g/t Au for
1.33 million ounces in the inferred category and the
Company is determined to rapidly advance the Project
towards a production scenario.
Over 100,000 m of diamond drilling has been completed
in the past two years to expand the known gold
mineralization and make new discoveries. Recent
exploration has been focused on defining high-grade, near
surface mineralization, with recent successes at the
Colomac Main, Grizzly Bear, 24/27 and Kim & Cass
deposits. Highlights include high grade intercepts of
271.4 g/t Au over 1.0 m on the southern extension of the
Colomac Main Deposit and expansion of the 24/27
Deposit with an intercept of 2.91 g/t Au over 54.35 m.
The Company also completed a property-wide airborne
VTEM survey, to delineated conductive and magnetic
targets for precious and base metals for future drilling.
The geophysics survey was supported by the NTGS MIP
and brings new insight and exploration opportunities for
the 2023 drill season.

With input from various members of the GEM-GeoNorth
team, this presentation will also touch on what you can
expect from GEM-GeoNorth in the upcoming years.
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Kennady North Project Exploration
Update

claims and leases. A summer 2022 till sampling program
of roughly 300 samples followed up on areas of interest
generated from the 2021 program.

McCandless, T. and Hayward, A.
Mountain Province Diamonds, Vancouver, BC
t.mccandless@mountainprovince.com

Environmental activities to advance the assets has also
been implemented, including baseline hydrology, water
quality, wildlife, and archaeological data. Static and kinetic
geochemical analysis of kimberlite and country rock also
is also underway. Community engagement activities
focused on ongoing socioeconomic opportunities,
environmental data collection, and permitting activities,
including the submission for a regional exploration land
use permit and water license for mineral claims acquired
from 2020 to 2022.

The Kennady North Project includes federal leases and
claims covering an area of over 113,000 hectares that
surround the Gahcho Kué diamond mine on all sides.
The Project area was recently expanded with staking of
eastern claims in early 2020, three central claims near in
2021, and five claims on the western boundary in 2022.
Kennady North has five known kimberlites; Kelvin,
Faraday 2, Faraday 1-3, MZ, and Doyle. With the
completion of resource estimates for the Kelvin and
Faraday kimberlites, exploration activity was renewed
and this presentation will cover exploration highlights for
2022.
During the winter exploration program drilling was
completed on the North Anomaly (‘NA’), South Anomaly
(‘SA’), KS Anomaly (‘KS’), and G6 Anomaly. At the North
Anomaly depth-extensive zones of highly altered country
rock intermixed with intersects of hypabyssal kimberlite
(‘HK’), along with volcaniclastic kimberlite (‘VK’) in three
drillholes. Drilling at the South Anomaly encountered HK
with four of six drillholes at the KS anomaly also
intersecting HK kimberlite.
The summer program included nine land-based drillholes
with two positioned west of the North Anomaly, and two
over a coincident geophysical anomaly southwest of the
Doyle kimberlite with no kimberlite intersected. Three
drillholes that tested a historic HLEM/Magnetics anomaly
roughly 400 metres east of Kelvin intersected kimberlite
that represents a new occurrence within the KelvinFaraday corridor. Two drillholes over a priority one
indicator mineral target encountered hydrothermal
breccia consisting of granitoid fragments supported in a
matrix of quartz with subordinate pyrite. Intervals of
altered granitic and diabase country rock occur within the
hydrothermal breccia.
Recently completed glacial geology studies for the project
were used to guide a 2021 till sampling program over the
project area. A total of 625 samples collected over the
project area have identified the presence of pyrope and
chrome diopside on the eastern claims, and confirmed
historical indicator dispersions over central and western

Use of natural and enhanced
substrates by spawning adfluvial
salmonids in a regulated
sub‐arctic river
Miller, M.1 and Stevens, C.2
1Northwest Territories Power Corporation,
Hay River, NT
2WSP Golder, Edmonton, AB
Cameron_Stevens@golder.com
The objectives of this work are to add to the minimal body
of research on spawning behavior and spawning habitat
requirements for adfluvial lake trout, lake whitefish and
cisco and to characterize reproductive data collected on
the use of natural and enhanced habitat in a regulated
sub-Arctic river from 2016 to 2019. Annual abundance
and distribution of spawning fish was monitored using
snorkel surveys. Detailed habitat and substrate
characteristics, egg density and egg survival were defined
and assessed using plots positioned over natural and
artificially enhanced substrates. The design and substrate
composition for the installed habitat was determined
using the results of the substrate characterization,
previously documented spawning habitat requirements
for lacustrine lake trout and whitefish and design
principles from previously documented anadromous
salmonines habitat rehabilitation projects. Using the
results of the egg plot surveys an assessment of the
efficacy of the artificially constructed spawning habitat
was completed. A key finding was across the three years
after the habitat was installed the artificial spawning
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habitat had higher egg densities and a higher egg survival
rate than natural habitats, suggesting that the artificial
habitat has the potential to increase recruitment and
ultimately benefit the overall population abundance in
this area. A key factor in the success of the design was
the inclusion of a substrate composition that provided
sufficient interstitial spaces for successful egg
development and protection. This investigation is the first
formally documented habitat improvement attempted in
the sub-Arctic/Arctic region of Canada and specifically for
adfluvial lake trout. The successful design parameters
used in the artificial habitat in this study provide a
benchmark that can be referenced for future spawning
habitat rehabilitation, installation and/or augmentation
projects for adfluvial lake trout, lake whitefish, and cisco.

Back River Project Update
Moore, A.
Sabina Gold & Silver Corp., Vancouver, BC
amoore@sabinagoldsilver.com
Sabina Gold & Silver Corp. is a Canadian precious metals
company on track to become a mid-tier gold producer.
The Company has a portfolio of properties in Canada at
different stages of development. The Company’s flagship
projects are currently located in Nunavut, in the Canadian
North. Through these Nunavut assets, Sabina is currently
evolving from a successful exploration company to a
developer. Sabina will present a Project update on
activities leading to full Project construction in 2023.

The Ekati Diamond Mine, update on
recent past and overview of future
potential

at an average rate (waste plus ore) of 2.1 million tonnes
per month and Misery Underground at ~100,000 tonnes
per month. An overview of mining operations will be
provided in the presentation.
Permitting of the Point Lake open pit project has been
successfully completed and included ministerial approval
for the amended Water Licence and Land Use Permit,
approval of the Fisheries Authorization by the
Department of Fisheries and Oceans (“DFO”) and receipt
of the Point Lake surface lease (76D09012). The Tlicho
agreement between Arctic Canadian and the Tlicho
Government that covers the development of the Point
Lake Project was signed in November 2021. Construction
of the access road and utility pad at the Point Lake site
were completed in early 2022. Dewatering equipment and
materials were delivered to the Point Lake area on the
2022 winter road and the dewatering pipeline and
associated equipment was installed and tested prior to
breakup. The first stage of dewatering from Point Lake to
Lac du Sauvage was completed in September along with
the fish-out of Point Lake. The second stage of dewatering
is planned for summer 2023. A geotechnical drilling
program at Point Lake was also completed during
summer 2022, with results to be used for final design of
the open pit.
Advanced engineering work for the Lynx underwater
remote mining (“URM”) trial was completed during the
first half of 2022. The engineering work focused on the
underwater mining crawler, dewatering plant, and slurry
pipeline. A construction contract to build the launch and
recovery (LARS) platform for the Lynx trial was signed
with IHC Mining in early 2022 with construction, testing
and disassembly for shipping scheduled for completion
before year-end. The construction contract for the
production crawler was signed in June and work on
building the crawler has been initiated by IHC Mining. The
first stage of the Lynx trial is planned for summer 2023.

A property-wide exploration review has been completed
based on the results from a deep machine learning
initiative completed in 2021. A helicopter supported
Moore, R. and Carlson, J.
exploration drilling of three of the prioritized targets was
Arctic Canadian Diamond Company, Calgary, AB
completed over the summer. Two of three targets that
rory.moore@arcticcanadian.ca
were drilled were confirmed as kimberlite pipes (named
Badger and Bear pipes). The two discoveries are located
Over the past year Ekati has achieved steady state
~6 km northwest of the Sable pipe. Four drill holes were
production following the restart of operations in January
completed to delineate the larger of the two discoveries
2021. Mining is currently focused on the Sable open pit
(Bear pipe, approximately 1.7 hectares) and to provide
and Misery Underground after mining at Pigeon pit was
representative drill core samples for microdiamond and
completed on schedule in April 2022. Sable is being mined
mineral chemistry analysis. Analytical results are pending.
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A number of additional exploration targets remain and
will be drill tested in summer 2023.

Measuring coastal erosion in a
permafrost environment
Moorman, B.1, Clark, A.1, and Whalen, D.2
1University of Calgary, Calgary, AB
2Geological Survey of Canada, Dartmouth, NS
moorman@ucalgary.ca
Around the Arctic Ocean there are many stretches of
coastline composed of ice-rich sediments. With the
dramatic climatic, oceanic and terrestrial changes that are
currently occurring, there is considerable concern over
the stability of these coasts and how they will change.
Unfortunately, there is still relatively little research that
has been done in these environments. Hence being able to
effectively model coastal erosion in a permafrost setting is
highly desirable. With the complexity that permafrost
conditions add to the coastal setting, modelling erosion
involves a more detailed understanding of the physical
and thermal conditions as well as the sedimentological
and wave action processes. This research examines the
rate and character of coastal erosion of ice-rich terrain
and role that the shallow water energy balance plays in
preserving sub-bottom massive ice as the coastline
retreats and the implications it has for secondary subsea
disturbance once the water depth increases.
The study area was Peninsula Point which is ~10 km west
of Tuktoyaktuk, NWT. The massive ice and retrogressive
thaw flows at this location are some of the more dramatic
examples of the impact of ice-rich permafrost on coastal
processes in the Arctic. Through a three decade long
program of remote sensing, geophysical and groundbased monitoring, long-term changes were investigated.
The character of coastal retreat above, and below, the
waterline in an area where a massive ice body extends to
depths below sea level were revealed. Airphoto, satellite
imagery and drone data revealed the complexity of
erosion with the retreating headwall of retrogressive
thaw flow more rapidly eroding the landscape than the
observed lateral changes of the waterline. Groundpenetrating radar (GPR) imaged the top and base of the
massive ice body as well as providing a delineation of the
subsurface sedimentary architecture. In winter, the GPR
was pulled behind a snowmobile along transects on land,

across the shoreline and out onto the near shore area of
the Beaufort Sea. This provided the stratigraphic
continuity between the terrestrial and sub-sea settings.
The roles of erosion, re-sedimentation and shallow-water
thermodynamics in the degradation and preservation of
massive ground ice were revealed. The results of this
study demonstrate how coastal erosion is much more
complex that just the inland movement of the waterline.

*Evidence for a giant 3.3–3.1 Ga
terrane in the Rae craton (Canada) and
global continental growth ca. 3.23 Ga
Neil, B.1, Tersmette, D.1, Chacko, T.1,
Heaman, L.1, Kjarsgaard, B.2, Martel, E.3,
Creaser, R.1, Pearson, G.1, Stern, R.1, Dufrane, A.1,
and Luo, Y.1
1University of Alberta, Edmonton, AB
2Geological Survey of Canada, Ottawa, ON
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
bneil@ualberta.ca
The volume, nature, and origin of continental crust that
existed on Earth before 3 Ga is poorly understood. One of
the greatest obstacles in addressing these topics is the
apparent paucity of preserved ancient (>3 Ga) crust.
Despite being one of the largest Archean nuclei on Earth,
the record of ancient crust in the Rae craton is virtually
unexplored. Previous work has hinted at the presence of
pre-3 Ga crust at the southern and western margins of the
craton, but the true aerial extent, age, nature and origin of
that ancient crust is unknown.

In this study, we present whole-rock Sm-Nd isotope and
elemental data, and zircon U-Pb, Hf and O isotope data, for
granitoids from and ~1000 km long tract of the western
Rae craton margin. Samples with crystallization ages
>3.0 Ga and/ or Sm-Nd depleted mantle model ages
>3.2 Ga define an ~1000 x 100 km belt that stretches from
central Canada to the Arctic coast, which we call the Perry
River terrane (PRT). Pre-3.0 Ga granitoids from this
terrane are broadly similar in composition to typical
Archean tonalite-trondhjemite-granodiorite. These
granitoids yield crystallization ages between ca. 3.3 and
3.1 Ga, initial εNd values between +3 and -1, initial εHf
values between +3 and -2, mantle-like zircon O isotope
compositions and rare > 3.3 Ga inherited zircon.
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Collectively, these data show that one of the largest
Paleo to Mesoarchean terranes on Earth was previously
unrecognized, and that this terrane represents a
volumetrically significant addition of juvenile
ca. 3.3–3.1 Ga continental crust. In addition to juvenile
3.24–3.20 Ga granitoids from the PRT, a global
compilation of zircon Hf isotope data from igneous
rocks reveals a cluster of juvenile (initial εHf +3 to -1)
3.27–3.20 Ga samples from ten separate cratons. Recent
large-scale compilations of igneous and detrital zircon
U-Pb age data have also documented peaks at ca. 3.23 Ga.
The 3.27–3.20 Ga period (or ca. 3.23 Ga) may therefore
have been a time of enhanced continental growth on
Earth.

Till geochemistry and indicator mineral
signatures from alkaline‐carbonatite
complexes and pegmatites in the Slave
Geological Province, Northwest
Territories
Normandeau, P. and Lambiv Dzemua, G.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
philippe_normandeau@gov.nt.ca
A till sampling campaign aimed at identifying the drift
prospecting signatures of critical minerals and rare earth
elements (REEs) in the Slave Geological Province (SGP)
was initiated in 2021 and expanded in 2022. Till samples
were collected according to the most recent protocols
from the Geological Survey of Canada and included
sample pairs collected for indicator mineral analyses and
till geochemistry. In 2021, ten pairs were collected over
large alkaline-carbonatite complexes. Six till sampling
sites are located over the Squalus Lake complex (SLC) and
four over the Big Spruce Lake complex (BSLC). These
alkaline complexes were identified during historical
government and industry mapping and prospecting
campaigns. Heavy mineral concentrates (HMC) from these
sites are characterized by high amounts of apatite,
especially over the SLC where apatite accounts for over
60 wt. % of the nonferromagnetic HMC of all six samples,
and 98 wt. % in one sample. At the SLC, some apatite
occurs in the bedrock as large (5-10 cm) radiating
red-brown crystals. Both of these characteristics
differentiate the SLC apatite from the ubiquitous light

green and light pink, sub-cm, subhedral to euhedral
apatite crystals found in the surrounding granitic and
metasedimentary country rocks. Previous studies in the
Great Bear magmatic zone along the western edge of the
Slave craton have identified several characteristics of
apatite that are diagnostic of the metasomatic history of
REE-rich systems including the REE to manganese ratio,
cathodoluminescence response, crystal zonation,
dissolution pits and secondary REE-rich inclusions. Till
samples from the BSLC contain monazite which is absent
in the SLC till samples. Other picked minerals include
scheelite, gahnite and tourmaline. Sulfides are rare,
although chalcopyrite is present in two samples,
arsenopyrite in one sample and a significant amount of
pyrite (0.8 wt. %) distinctively mantled with goethite is
present in one sample from the BSLC. Two samples from
the SLC contain gold grains with pristine and modified
shapes, and calculated HMC gold values reached up to
501 ppb and 118 ppb for the SLC and the BSLC
respectively. Geochemical analyses were performed on
the silt and clay size fraction using both Aqua Regia and
4-acid digestions. Results from both digestions indicate
that molybdenum, phosphorus, lanthanum, lithium,
yttrium, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium and dysprosium are all
present in concentrations at least two times higher than
the background values of the SGP.
The 2022 sampling campaign, completed in late August,
targeted till down-ice of critical mineral bearing
pegmatites. Known pegmatite-related showings in the
SGP occur in areas with thin, discontinuous and heavily
reworked till cover. Till samples were not collected
around many pegmatites visited due to the absence of
suitable surficial material. However, twelve pairs of till
samples were successfully collected down-ice of the Best
Bet, Tan-Echo-Thor, Hidden Lake cluster, BEN, Van Dyke,
and VO cluster of pegmatites. Geochemical and indicator
mineral analyses of these samples are in progress.
A search for a research partner with a potential graduate
student to conduct a detail study of the Squalus Lake and
Big Spruce Lake apatite is ongoing.

34
2022 (Yellowknife Geoscience Forum Abstracts) Technical Program

*Methods and considerations in
acoustic monitoring: Soundscapes,
caribou hearing and data processing
Perra, M.1, Gurarie, E.1, Brinkman, T.2,
Crimmins, S.2, Çoban, E.3, Mandel, M.3, and
Schiefele, P.4
1State University of New York - College of
Environmental Science and Forestry, Syracuse, NY
2University of Alaska Fairbanks, Fairbanks, AK
3City University of New York - Brooklyn College,
Brooklyn, NY
4University of Cincinnati, Cincinnati, OH
mperra@syr.edu
Human activity can cause significant sound disturbance,
which can far exceed the physical footprint of the activity
or infrastructure causing it. While it may seem easy
enough to measure sound with automated recorders, the
volume of recordings produced by passive monitoring
efforts can quickly exceed an individual’s ability to
manage and process that data. What’s more, connecting
potentially disturbing sound events—such as blasting or
traffic—to wildlife behavior can present additional
challenges, especially because disturbances need to
qualified within the limits of an animal’s perceptive ability.
In the context of sound, we need to understand what
sounds an animal can actually hear before we identify
which sounds might disturb them. Knowing that, we can
then begin to link wildlife movements to sound events,
and attempt to quantify disturbance.
Caribou are a major species of concern when measuring
acoustic disturbance around human infrastructure in the
Canadian Arctic, and understanding their response to
sound can help inform how we manage our interactions
with them and their environment. This presentation will
showcase our recent advances in acoustic data processing
methods and caribou auditory sensitivity using research
from the Alaskan North Slope, and touch on innovative
methods--such as audio collars—that we propose for
future studies. This presentation will offer a roadmap on
how to conduct efficient and comprehensive acoustic
monitoring plans, with a focus on best practices for
monitoring caribou’s response to sound disturbance.

Active closure at Snap Lake Mine
Peters, M.1 and Sohdi, G.2
1De Beers Group, Yellowknife, NT
2Metcor-Nuna Logistics JV, Yellowknife, NT
terry.kruger@debeersgroup.com
De Beers Canada Inc. Snap Lake Mine entered the final
closure and reclamation phase in 2022 after a six-year
period of extended care and maintenance which started in
December 2015 when production ceased prematurely.
Aside from an option analysis in 2016 and major asset
sale, through auction, in 2017, this time was used to
embark on extensive consultation, renewal of the water
license in 2020 and the finalization of detailed closure
designs. These designs entailed the construction of
passive surface water infrastructure, planning for
demolition, determination of the extent and reclamation
of residual contaminated soils, revegetation and final land
forming of the disturbed mine area.
In 2021, De Beers solicited proposals for the execution
and a very competitive bidding process ensued. Bids were
received from all four Indigenous communities that had
Impact Benefit Agreements with Snap Lake Mine. The
Metcor-Nuna Logistics joint venture was the successful
bid, satisfying the technical, safety and environmental,
social performance and commercial criteria as
determined by the project team and corporate
requirements.
The partnership with MetNunaJV provides for a
sustainable execution of closure activities, taking into
consideration approved closure activities and engineering
designs, management plans, mine health and safety
considerations and emergency response plans.
Strategic highlights to date include the handover of the
site to MetNunaJV on 1st of March 2022, successful
mobilization of earthworks and demolition equipment by
Winter Road, delivery of 2.5 million liters of diesel, the
interim approval of the FCRP by the MVLWB, transfer of
accommodation units to Gahcho Kué Mine, dismantling
and sales of main generators and associated
infrastructure and the awarding of $60M CAD worth of
contracts to a number of NWT companies.
Demolition progress to date includes the demolition of all
major engineered structures, including the process plant,
the powerhouse section of the utilities building and
various other ancillary structures. The capping of two of
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the five mine openings have been with two more
scheduled before year end. Navigating the tail end of the
pandemic restrictions a winter road and several
subcontractors, there certainly have been challenges and
learnings - expanding on the NWT Diamond Mine
Playbook, we are proud to lead the way.

Non‐destructive characterization and
digital archiving of permafrost cores
using multi‐sensor core logging
Pumple, J., Harvey, J., Roustaei, M., Monteath, A.,
Young, J., Alvarez, A., and Froese, D.
University of Alberta, Edmonton, AB
pumple@ualberta.ca
The characterization and logging of permafrost cores and
their physical properties has not changed appreciably in
the last thirty years. Despite the considerable cost
involved in recovery of permafrost cores most analyses
are destructive and leave little in terms of physical or
digital archives following analyses. Here, we present the
application of Multi Sensor Core Logging (MSCL) to
systematically measure the physical properties of
permafrost cores, including the visualization of ground ice
and cryostructures, magnetic susceptibility and bulk
density. These properties can further be used to estimate
the excess ice and volumetric ice content (VIC) using
established physical relations. Comparison of these data
with traditional analyses shows strong correspondence
and the potential for rapid and consistent generation of
data. Coupling of these methods with established physical
and geotechnical analyses allows generation of a digital
archive of permafrost that can be used to revisit core
properties and provide a legacy product for future
regional and site-specific applications.

Magma source rocks in the Canadian
Tungsten Belt: Implications for the age
and composition of the basement
Rasmussen, K.1, Lecumberri‐Sanchez, P.1,
Elongo, V.1, Falck, H.2, Reynolds, M.3, Luo, Y.1, and
Pearson, G.1
1University of Alberta, Edmonton, AB
2Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
klrasmus@ualberta.ca
The Canadian Tungsten Belt, located in the Mackenzie
Mountains in the northern Canadian Cordillera (NCC),
hosts some of the world’s most important tungsten skarn
mineralization in association with a narrow belt of small
crustally derived mid-Cretaceous granite plutons
belonging to the Tungsten plutonic suite. Magma source
rocks are considered to be a critical control on
metallogenic potential for tungsten; however, possible
protoliths for these fertile granitic magmas are unknown
as basement is not exhumed in the region. Recent
stratigraphic, isotopic and detrital zircon studies of the
strata in the NCC have led to a much better
characterization of the supracrustal packages and
inherited zircon cores in the associated granitic plutons
provide a unique opportunity to for constraints on the
unexposed basement.
Inherited zircon cores in the Tungsten plutonic suite are
dominated by Paleoproterozoic to Neoarchean
populations, with a small number of Mesoproterozoic
cores. With the exception of the few Mesoproterozoic
ages, this is typical of the northwest Laurentian “cratonic
signature” that is also exhibited by the Mesoproterozoic
units, and some latest Neoproterozoic to early Paleozoic
strata. Preliminary cross-correlation analysis suggests
that “very likely” magma sources for the Tungsten
plutonic suite include: (a) the Mesoproterozoic Wernecke
Supergroup; (b) the Late Proterozoic to early Cambrian
undivided Vampire–Narchilla Formation (Coal River
area); and, (c) the Mid-Late Cambrian (Coal River area and
southwest Liard Area), particularly the Sekwi Correlative
unit (Coal River area). Abundant pre-existing Sm–Nd
isotopic data appear to eliminate the Wernecke
Supergroup as potential protolith rocks to the magmas;
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however, isotopic data are limited for the other possible
protolith rocks, making conclusive statements difficult
without additional data.
The dominantly “cratonic” inherited zircon signature
exhibited by the Tungsten plutonic suite is consistent
with a protolith derived from detritus eroded from
the relatively stable northwest Laurentian continent.
The stable northwest Laurentian continent may have
undergone extensive chemical weathering that resulted
in an incompatible element-rich residuum. During
continental breakup, erosion and transportation of the
residuum to the continental margin concentrated
tungsten in the strata preserved in the NCC. For example,
the Late Neoproterozoic breakup of Rodinia may have
led to the deposition of tungsten-rich sediments in the
late Neoproterozoic to early Cambrian. The source rocks
to the Tungsten plutonic suite would be present at midcrustal depths (i.e., 10–20 km) today.

Liard Geothermal Reservoir Project
Phase II Update
Thomas, G.1, Terlaky, V.2, and Raymond, J.1
1Institut national de la recherche scientifique
Québec City, QC
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
jasmin.raymond@inrs.ca
The geothermal anomaly in southwestern Northwest
Territories (NWT) has garnered interest from local
communities and governments. Developing geothermal
resources can help with reducing the carbon footprint and
dependence on diesel power in communities across the
NWT. Geothermal exploration in the region has been
restricted due to the scarce geological data of reservoir
target rocks. The Liard Geothermal research program was
established primarily to acquire more knowledge and
collect baseline geological data of the regionally extensive
limestone of the Nahanni Formation and its locally
dolomitized Manetoe facies. To fulfill this objective, the
Northwest Territories Geological Survey (NTGS) and the
Department of Infrastructure – Energy Division
(INF-Energy) initiated a collaborative research program
in 2019, which has this year expanded to include
researchers from the Institut national de la recherche
scientifique (INRS) in Québec City.

Field sampling is critically important for the acquisition of
geological data of prospective geothermal reservoir rocks.
Phase II of the Liard Geothermal Reservoir Project aims to
further fill the knowledge gap and consisted of collection
of outcrop samples from the Devonian Nahanni Formation
and Manetoe facies in the summer of 2021. Seventy field
samples were collected by the NTGS from nine general
locations throughout the Dechcho region, including west
of Cli Lake, along the fringe of the Mackenzie Mountains,
northwest of Nahanni Butte, and northwest of Fort Liard.
The samples were analyzed by the Geology Division,
AGAT Laboratories Ltd., Calgary using four analyses:
petrology and pore description using thin sections (TS)
and scanning electron microscopy (SEM), routine core
analysis (RCA) including porosity and permeability, and
bulk X-Ray diffraction (XRD) mineralogy. All four analyses
were successfully conducted on thirty-seven limestone
samples and twenty-seven dolostone samples. The
Nahanni Formation is predominantly fine-grained and
well-cemented, whereas the Manetoe facies ranges from
fine to very coarse-grained with mainly minor
intercrystalline and micro-vuggy pores. The results
indicate that reservoir quality is limited throughout most
of the samples; however, the highest permeability values
of 3.21 mD and 9.24 mD were obtained from the Manetoe
facies along the fringe of the Mackenzie Mountains. The
dolostone sample with permeability of 9.24 mD yielded
the second highest porosity value of 7.5%.
This work complements phase I, which was conducted in
2019-2020 sampling eight legacy cores from the region.
These studies aid to determine the continuity of reservoir
properties both regionally and stratigraphically. Results
from phase I and phase II preliminary conclude that
higher values of permeability and porosity are generally
associated with the Manetoe facies. The locally
dolomitized facies represent zones of hydrothermal
alteration, which can also be an indication of elevated
permeability and/or temperature. Future studies will
likely be focused on the Manetoe facies in locations within
the Dechcho region where it is thick, well developed and
laterally continuous.

37
2022 (Yellowknife Geoscience Forum Abstracts) Technical Program

Evaluating Yukon’s geothermal energy
potential: Overview of studies to date
Relf, C., Colpron, M., and Sternbergh, S.
Yukon Geological Survey, Whitehorse, YT
carolyn.relf@yukon.ca
Since 2016, Yukon Geological Survey has been working to
characterize the territory’s geothermal energy potential,
with a long-term goal of creating a geothermal gradient
map of Yukon to support exploration. Studies, focused at
multiple scales, have included compilation and modeling
of existing information, as well as collection of new data to
identify potential geothermal plays. The field studies have
benefited from partnerships with local First Nations, who
have provided field assistance, local knowledge, and given
permission to drill on settlement lands.
Grasby’s (2013) compilation of the Geological Survey of
Canada’s national geothermal program served as a
starting point for Yukon’s geothermal research program.
For its first two regional studies, Yukon Geological Survey
used existing aeromagnetic maps and lithogeochemical
data to model Curie Point depth (Witter and Miller 2017)
and radiogenic heat production from granitoid rocks
(Colpron 2019). These maps collectively provide a
regional picture of heat distribution across Yukon, and
reveal that the most prospective region is in the southern
part of the territory. Concurrent with these Yukon-wide
studies, a desktop compilation (unpublished) of publiclyavailable data was undertaken to identify “geothermalfriendly” settings in the Whitehorse trough, where over
80% of Yukon’s population resides. This led to the drilling
of a temperature gradient well near Takhini Hot Springs
and identification of a temperature spike below 450 m
depth (Fraser et al. 2019). A second temperature gradient
well was drilled in 2018, targeting a pull-apart structure
in the Tintina Trench near Ross River, where
temperatures were found to be near-average (ibid).
Yukon Geological Survey is continuing to grow the
geothermal knowledge base and expects to release the
results of current studies in 2023. These include
assessments of three crustal-scale faults (Denali, Tintina
and Teslin), looking for sites where localized extension
may enhance permeability and create conditions that
allow warm groundwater to rise toward surface. The
research involves integrating new gravity and
magnetotelluric data with existing geological and
geophysical data sets to model subsurface fault

geometries. A number of appealing targets along the
Denali fault at Burwash Landing were identified in 2020
(Witter 2020), and at the time of writing, drilling was
about to begin on a temperature gradient well at one of
the Denali fault targets. Interpretation of data along the
Tintina fault near Watson Lake is currently wrapping up,
and work on the Teslin fault near the community of Teslin
is expected to be completed by fall 2023. Desktop
compilation of existing geothermal data is also continuing.
Yukon Energy Corporation and several communities and
First Nations have granted Yukon Geological Survey
permission to compile and release geothermal and
groundwater studies they have commissioned. A preview
of this work will be presented at the Yukon Geoscience
Forum in Whitehorse.
References:
Colpron, M., 2019. Yukon Geological Survey, Open File
2019-16.
Fraser, T., et al., 2019. Yukon Exploration and Geology
2019.
Grasby, S.E. et al., 2013. Geological Survey of Canada, Open
File 6914.
Witter, J. and Miller, C., 2017. Yukon Geological Survey,
Open File 2017-3.
Witter, J., 2020. Yukon Geological Survey Open File 2020-3

Modelling the Devonian shale basin of
central NWT
Rocheleau, J.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
jonathan_rocheleau@gov.nt.ca
The Devonian shale basin of central Northwest Territories
is a structurally complex stratigraphic package situated in
the deformed belt between the Mackenzie Mountains and
Franklin Mountains. It comprises the Horn River Group,
which includes the Hare Indian, Ramparts, and Canol
Formations, and the Imperial Formation. This basin hosts
the hydrocarbon resource at Norman Wells, and therefore
has been extensively studied by government agencies,
industry, and academia for decades. The resulting
datasets, including publicly available well files, survey
reports, and outcrop and well sample data, are used in this
study for the creation of local and regional geological
models. The main objective of this project is to use these
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models to better understand the regional hydrocarbon
system by attempting to predict known resource
accumulations.
The study area includes the Mackenzie Plain region and
portions of the Peel Plateau, Peel Plain, Franklin
Mountains, and Mackenzie Mountains. For the modelling
project, a subset of available wells and outcrops were
used to create local point models. Each point model
comprises lithological data for each formation present,
known unconformities with an estimate of removed
section, and maturity data from analyzed samples if
available (vitrinite reflectance was prioritized). A regional
heat flow estimate was also used for the point models, in
this case 80 mW/m2 (provided by the Geological Survey of
Canada).
A regional 3-D model was built using geological surfaces
created from interpreted seismic lines and a surface layer
based on a regional digital elevation model. The point
models were subsequently added to help constrain some
of the geological surfaces on a smaller scale. Other data
used in the regional model included temperature and
pressure values from borehole drill stem tests. These
allow estimated regional pressure-depth and
temperature-depth curves to be generated.
Calibrating the resulting well and outcrop models using
maturity data has provided reasonable correlations
between simulated depth vs. maturity curves and sample
results. Similarly, the current iteration of the 3-D regional
model appears to predict known maturity trends in a
broad sense, based on the input data. Several known
issues remain and may not be possible to resolve within
the project’s timeline. The regional model assumes a
degree of homogeneity in lithology, porosity, permeability,
and distribution of organic matter in each rock layer. This
is clearly not realistic but is a necessary simplification.
Currently, lack of continuity for some surfaces impedes
proper resource accumulation prediction even though
interesting trends can be observed. Most of these issues
are in part due to the relatively small and areally sparse
data set and the sheer size of the area being modeled.
Additionally, the Gambill fault zone at the southern end of
the study area can be considered to be a boundary for the
basin. Data south of it is even more sparse and the heat
regime appears to be very different from the rest of the
modelled area.

Estimating excess ice using industrial
computed tomography scanning and
comparison with established methods
Roustaei, M., Pumple, J., Harvey, J., Monteath, A.,
and Froese, D.
University of Alberta, Edmonton, AB
mroustae@ualberta.ca
Excess ice in permafrost is a measure of the abundance of
ground ice that exceeds the soil pore space, and may exist
as lenses, crustal textures or wedge ice forms. It is a
fundamental property of permafrost, and determines the
potential for thaw subsidence and terrain effects upon
thaw of ice-rich permafrost landscapes. Despite its
significance, there is no standard method to determine
excess ice content, and previous efforts have used,
primarily, image analysis to quantify the visible ice, or the
supernatant water released upon thaw of a sample as a
measure of excess ice. In this study, we used highresolution Industrial computed tomography (CT)
scanning to image a range of permafrost cores and using
image analysis we non-destructively estimate the pore ice
and excess ice contents. The results show strong
agreement with traditional destructive methods as well as
recent developments of non-destructive methods such as
Multi-Sensor Core Logging. We discuss the potential
application of these data and the opportunity to generate
digital archives of permafrost materials through
non-destructive methods.

*Origin and alteration systematics
of Fe‐Oxide mineralization in the
Nonacho Basin, NWT
Roy‐Garand, A.1, Landry, K.1, Adlakha, E.1,
Hanley, J.1, Falck, H.2, and Martel, E.3
1Saint Mary's University, Halifax, NS
2Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
aroygarand@gmail.com
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The Nonacho Basin is a fault-bound Paleoproterozoic
Basin, located southeast of Great Slave Lake along the
western margin of the Rae Craton of the Western
Churchill Province. The basin hosts numerous
hydrothermal polymetallic (Cu-Pb-Zn-Ag-U-Th-Mo)
occurrences spatially associated with Fe-oxide
mineralization (magnetite, hematite) and extensive
alkali-calcic alteration (i.e., albitization and potassic
alteration). Field investigations recognize that Fe-oxide
mineralization is widespread throughout the entire basin,
occurring in: (i) the gneisses and granitoids of the
Archean-Paleoproterozoic basement, (ii) Paleoproterozoic
sedimentary rocks of the basin, and (iii) younger
Paleoproterozoic alkaline intrusive rocks (e.g., Sparrow
and Red dykes, Thekulthili Stock). All lithologies are
variably replaced by hydrothermal alkali-calcic alteration,
which appears focused along regional structures.

Inventory of thaw‐driven mass wasting
in the NWT

Styles of magnetite mineralization in basement rocks
include: (i) Veinlets or clots associated with local potassic
alteration (i.e. biotite or K-feldspar) in deformed and
albitized quartz-feldspar pegmatites. These occasionally
host large metasomatized allanite crystals intergrown
with large zircon, (ii) disseminations with late amphibole
that surround and overprint earlier phases, and
iii) laminations defining a foliation in albitized and
potassically altered gneisses and granites.

The Northwest Territories (NWT) covers over
1.34 million km2 of Canada's North, represents diverse
geomorphic landscapes and ecoregions and is composed
of the most ice-rich permafrost in Canada. Permafrost
thaw is the leading cause of climate-driven landscape
change and has a major effect on ecosystems and
infrastructure. Thaw-driven mass wasting represents a
dynamic suite of processes where the increasing
frequency and magnitude of landslides reflect variability
in geological, geomorphic, climatic and disturbancesrelated controls. When this project was initiated, there
was no NWT-wide empirical information describing the
nature and distribution of terrain affected by landslides
and mass wasting features. The objectives of this
presentation are: i) to overview the general mapping
approach implemented by this project and its rationale,
ii) to discuss the guidelines for the classification,
identification, and attribution of thaw-driven landslides
and mass wasting features that were considered, and the
limitations of the inventory, iii) describe a complementary
UAV and oblique aerial datasets that have been developed
to inform the mapping; and iv) present preliminary
results on the distribution of different types of mass
wasting that affects landscapes of the NWT and its
transboundary watershed areas. The features considered
in this mapping methodology include retrogressive thaw
slumps, shallow and deep-seated landslides, debris flow
fans, rock glaciers, and gullied terrain.

The Paleoproterozoic alkaline Thekulthili Stock is one of
the youngest events and contains primary igneous
magnetite. This magmatic influx may be a heat engine and
possible fluid source for the hydrothermal polymetallic
mineralization and alteration of the Nonacho Basin.
The style and paragenesis of overprinting alteration
assemblages are evaluated using a combination of field
observations, petrography and µ-XRF (micro-beam X-Ray
Fluorescence) elemental distribution maps. Distinct types
of magnetite will be characterized based on mineral
association, textural relationship, paragenesis and trace
element compositions (LA-ICP-MS) in order to determine
its origin (i.e., metamorphic, igneous or hydrothermal)
and evaluate its relationship to hydrothermal alteration
and polymetallic mineralization. This provides an
opportunity to examine the source and hydrothermal
recycling of metals in the upper crust and its capacity to
form hydrothermal ore deposits.

Rudy, A.1, Kokelj, S.1, Daly, S.2, Gingras‐Hill, T.3,
Pope, M.4, Young, J.5, van der Sluijs, J.6,
Froese, D.5, and Lamoureux, S.4
1Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
2Wilfrid Laurier University, Yellowknife, NT
3Wilfrid Laurier University/ESRI, Yellowknife, NT
4Queen's University, Kingston, ON
5University of Alberta, Edmonton, AB
6NWT Centre for Geomatics, Government of Northwest
Territories, Yellowknife, NT
ashley_rudy@gov.nt.ca

The project team will publish an Open Report describing
mapping methods and the spatial data and will participate
in developing a research publication describing the nature
and distribution of thaw-driven landslides across the
NWT. These data and analyses can also be used to train
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spatial models assessing terrain susceptibility and
evaluate risks that thawing slopes pose to communities
and regions of interest.

The North Country Rock Pile – A case
study in integrated mine closure
planning and progressive reclamation
Sinclair, S. and Knott, V.
Rio Tinto, Diavik Diamond Mine, Yellowknife, NT
sean.sinclair@riotinto.com
Progressive reclamation encompasses work completed
to advance closure activities during construction and
operations of a mine. The International Council on Mining
& Metals published their guidance for integrated mine
closure in 2018 indicating the importance of progressive
closure as a key opportunity for experience and
knowledge building including risk reduction. Rio Tinto
has actively undertaken progressive reclamation at its
Diavik Diamond Mine as it approaches the end of mine
life.
The most significant piece of progressive reclamation
undertaken at Diavik so far has been the construction of
an engineered thermal rock cover for the mine’s largest
waste rock storage area. This 80-m-tall and 2,000-m-long
area is known as the Waste Rock Storage Area – North
Country Rock Pile (WRSA-NCRP) and contains all of the
operationally segregated potentially acid-generating
waste rock mined over the last 20 years. Construction of
the North Country Rock Pile began in 2003 using standard
‘end and push’ dumping techniques, with majority of
waste rock in place by 2012.
As part of the mine plan, an opportunity was recognized
where only 1.5% of the WRSA-NCRP surface was required
for the placement of life-of-mine waste rock and a
decision was made to advance the closure design almost a
decade ahead of final closure. The design intent is to
create a cover that will prevent the annual active zone
from penetrating into potentially acid generating rock
within the pile, which reduces the risk of poor-quality
seepage to the surrounding environment. This design
included input from the Traditional Knowledge Panel,
consisting of members of Diavik’s five Indigenous
Partnership Agreement communities, to mitigate negative
impacts to local caribou populations. The resultant design

outlined the creation of a 3:1 slope covered with till at
1.5 m thick with an additional 3 m of non-acid generating
waste rock.
With acceptance of this design by the Wek’eezhii Land and
Water Board, progressive reclamation work on the
WRSA-NCRP started in 2017. This work has shortened the
overall closure construction phase, improved efficiency by
eliminating double handling of material, and created
savings by taking advantage of operational equipment
while extending the duration of dozer operator positions.
This decision was reinforced by over a decade of awardwinning research on the proposed cover configuration in
a field scale test pile. Rio Tinto now has the opportunity
for an early start to closure performance monitoring.
With over 12,860,000 tonnes of material placed and
57,443 dozer hours logged since cover construction,
progressive reclamation on the WRSA-NCRP is scheduled
to be effectively complete in early 2023 (1.5% to be
complete at the end of operations), two years before
operations cease. The progressive closure of the North
Country Rock Pile demonstrates Rio Tinto’s commitment
to not only closure, but modern best practices with
integrated mine closure.
The learnings of the WRSA-NCRP will be taken forward to
assist the completion of other closure activities at Diavik,
resulting in a closure that will be efficient, cost-effective
and completed on an accelerated timeline without the
need for periods of care and maintenance between the
end of operations and the completion of closure
construction.

Co‐development of merit‐based
mineral resources regulations for
the Northwest Territories
Squibb, C.
Mineral Resource Planning, Industry, Tourism and
Investment, Government of Northwest Territories,
Yellowknife, NT
charlene_squibb@gov.nt.ca
The 18th Legislative Assembly of the Northwest
Territories passed the Mineral Resources Act in 2019. The
Mineral Resources Act was developed by the Northwest
Territories’ territorial and Indigenous governments to
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produce the first-ever made in the Northwest Territories
legislation for mineral resources. For this act to come into
force, comprehensive regulations must be developed. The
Mineral Resources Act regulations will enable the
implementation of commitments that were made to
Indigenous Governments, industry, and the public during
the development of the Mineral Resources Act. The
regulations will be modern, responsive, and responsible
mineral resources legislation that will create greater
certainty for everyone and ensure that Indigenous
participation is part of the mining cycle in the north.
The regulations will provide details on several significant
and complementary frameworks that will modernize the
tenure process in order to create benefits for Indigenous
peoples and Northwest Territories residents, review the
royalty’s system, and build relationships.
This session will focus on the development of a meritbased tenure system and how the individual components
align with the mining cycle to create a system that is
efficient and responsive to the mineral industry.

Applied use of a fisheries demographic
model to support decision making for
mine closure
Stevens, C.1, Mackenzie, C.1, and Liu, W.2
1WSP Golder, Edmonton, AB
2De Beers Group, Calgary, AB
cameron_stevens@golder.com
Private operators in the natural resources sector in
Canada are required to commit to recovery or
rehabilitation objectives for closure planning on major
projects. It is the operator’s responsibility to provide the
mitigation methods and best course of action in meeting
objectives, subject to regulatory review. Evaluating
options for meeting objectives requires careful
consideration of multiple criteria, including costs and
logistical constraints, with the intention of identifying a
realistic option that provides sustainable benefits for the
environment over the long-term. We applied a
demographic modelling tool to support closure planning
for the recovery of a small population of Arctic Grayling at
the Gahcho Kué mine, NWT, where pre-disturbance
(baseline) and natural recovery models were derived
from life history data collected from the fish-out program

of the impacted lake. Models were then adapted to include
mitigations, ranging from physical habitat improvements
for spawning and aquatic connectivity downstream of the
mine, and stocking methods through the translocation of
Arctic Grayling from adjacent populations to supplement
the recovery. All mitigation options were ranked by costs
and feasibility of implementation, and then screened
against baseline trajectories to measure the relative
effectiveness on the rate and magnitude of recovery. Each
model was iterated 1,000 times over a 40-year postclosure time period to confirm the long-term stability and
resiliency of the population. Sensitivity analyses showed
that trajectories were most sensitive to variability in early
life stages. Based on modelling outcomes and closure
criteria, the preferred option was the translocation of
Arctic Grayling eggs combined with the use of in-stream
incubators to increase the probability of survival. The
mean predicted years to recovery was 6 years once the
population had stabilised above the recovery target. The
selected course of action will be advanced in a
collaborative process with stakeholders to develop a final
recovery plan for the long-term persistence of Arctic
Grayling.

*Assessing heterogeneity within the
Cantung Mine tailings and its impacts
on sulfide oxidation
Surrette, A.1, Lambiv Dzemua, G.2, Falck, H.3, and
Jamieson, H.1
1Queen's University, Kingston, ON
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
3Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
a.surrette@queensu.ca

The design of a stable mine tailings remediation strategy
requires comprehensive knowledge of the geochemical,
mineralogical, and physical properties of the tailings.
Heterogeneity is a significant challenge in designing
processes or mitigation strategies that depend on mine
tailings having consistent characteristics. To remediate
mine tailings, the behaviour of the tailings under expected
conditions must be understood. The Cantung Mine,
Northwest Territories, is a former tungsten mine with
approximately 6.5 million tonnes of tailings stored in five
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impoundments on the site. Substantial heterogeneity
within the Cantung tailings makes predicting behaviour
for remediation difficult, but characterization of the
tailings heterogeneity can help optimize design strategies.
Geochemical characterization of Tailings Pond 3 (TP3) by
the previous mine owner in 2012 using 152 samples
shows a range in iron concentrations from 8% to 35% and
sulfur from 2% to 12%. To assess the potential for
reactivity, mineralogical characterization is needed.
Pyrrhotite is expected to be the dominant iron sulfide
mineral present in the tailings, but iron can also be
present in iron oxides and sulfur can be present in
gypsum in partially oxidized samples. Previous
mineralogical characterization completed on 33 samples
from TP3 at Queen’s University in 2018 shows pyrrhotite
contents ranging from 1% to 30%.
The purpose of this work is to assess the sulfide oxidation
rates of the Cantung tailings and investigate the properties
that could contribute to behaviour differences. Samples
were collected from three different locations within TP3.
The 2020 sample is described as an end-member sample
relative to previous characterization, with iron contents of
23% to 33% and sulfur contents of 13% to 20%,
corresponding with pyrrhotite contents of 24% to 32%.
The 2021 sample is described as a more typical sample,
with 18% to 22% iron, 9% to 11% sulfur contents and
13% to 18% pyrrhotite. A third sample collected in 2022
has yet to be characterized. The characterization of bulk
geochemistry, mineralogy, physical properties, and sulfide
oxidation allows for a better prediction of the future
behavior of these tailings. Different mineralogical and
physical properties potentially lead to different trends in
sulfide oxidation rates over time for the samples.
Understanding the range of properties and behaviours of
the tailings will enable remediation strategies to be
optimized to mitigate future environmental impacts.

2022‐23 Activity Update – Energy
Geosciences Group
Terlaky, V.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
viktor_terlaky@gove.nt.ca
The Energy Geosciences group at the Northwest
Territories Geological Survey (NTGS) conducts and

disseminates energy geoscience studies and data for the
Northwest Territories (NWT). Since fall 2021, the group
advanced work on the following projects: (1) Shale Basin
Evolution in Central NWT, (2) Paleoenvironmental
Reconstruction and Sequence Stratigraphy of the Imperial
Formation, (3) Yellowknife Con Mine Geothermal
Potential, (4) Phanerozoic Thermal Evolution of the
Southern NWT, (5) Liard Geothermal Reservoir
Characterization, and (6) South Slave Geothermal
Potential. These projects support collaboration
agreements with academic researchers and their students,
and the Liard Geothermal Reservoir Characterization
project is supported by the Department of Infrastructure
(INF), Government of Northwest Territories.
The objective of the Shale Basin Evolution Project is to
characterize the unconventional oil and gas resource in
the central NWT. This project is a collaboration with
researchers at the University of Alberta that has
supported and saw successful completion of three M.Sc.
and one Ph.D. theses. Jonathan Rocheleau, Energy
Geoscientist at NTGS, is developing a 3D basin model as
part of this project and preliminary results are highlighted
in his presentation at this conference.
The Imperial Formation study to refine our understanding
of the stratigraphy, sedimentology, ichnology, and
geochemistry of the Imperial Formation at scales ranging
from individual deposits to the wider region
encompassing the margins of the Mackenzie Mountains,
Central Mackenzie Valley, and southern Peel Plateau. The
main objective is to develop a robust paleoenvironmental
reconstruction and sequence stratigraphy of the Imperial
Formation, which is a key (and largely missing) puzzle
piece of the Devonian deposits in the Northern Interior
Seaway. This study will complement the results of the
larger on-going Shale Basin Evolution Project that focuses
on the directly underlying black shales of the Horn River
Group, and supports one Ph.D. student at the University
of Alberta, who will present preliminary results at this
conference.
The Yellowknife Con Mine Geothermal project is a
collaboration with researchers at the Institut National de
la Recherche Scientifique (IRNS) with the objective to
re-evaluate the potential of the Con Mine as a geothermal
energy source for district heating in the city of
Yellowknife. Final results by M.Sc. student Dan Ngoyo
show a favourable geothermal energy potential for district
heating application; results are pending publication.
The Liard Geothermal, South Slave Geothermal, and
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Phanerozoic Thermal Evolution projects work in synergy
to characterize the geothermal energy potential of the
Southwestern Northwest Territories. The Phanerozoic
Thermal Evolution project is a collaboration with
researchers at the University of Calgary, and is aimed
to assess the thermal history and exhumation of the
sedimentary basin in the southern NWT. Details of this
project are discussed by Taís Fontes Pinto in her
presentation at this conference. The Liard Geothermal
and South Slave geothermal projects are a collaboration
with INRS, and examine the reservoir quality and
geothermal energy potential of source formations in the
southwestern regions of the NWT. Initial analyses and
characterization work are discussed in presentations at
this conference by Dr. Jasmin Raymond and students.

Integrated remote sensing in the
scientific advancement of
environmental impact assessment
and resource management
Thompson, M.
EcoLogic Consultants Ltd.
mthompson@ecologicconsultants.com
Environmental Impact Assessments (EIAs) are an
important and required part of all major resource
developments in Canada. Environmental researchers
were historically limited to short-term field surveys on
monitoring and inferring disturbance impacts on wildlife,
vegetation, and water from a limited number of
observation points. Earth observation satellites offer a
new range of technological options to survey landscapes
over much broader areas, across seasons, and through
different frequencies of the electromagnetic spectrum.
This means that ecologists can measure and monitor the
environment in new ways technologically and
scientifically. Remote sensing has changed how ecologists
can participate in and inform the science behind EIAs, in
natural resource development, and in post-construction
stages of restoration. Research into the various types of
remote sensing technologies can be used to dynamically
update information by season or by trend analysis of
historical scans. Remote sensing is a growing
technological field with important links to classical
approaches in ecological research that remains in a phase
of growth. Optical and radar satellites, drones, lidar, and
ground station monitoring produces more than a single

snapshot observation in time. The technological
advancement can improve tracking into the living
dynamics of ecosystems and their responses to
development. This presentation will provide a review
into remote sensing technologies in relation to EIA
assessments, ecological monitoring, and natural resource
management. Examples of work using different remote
sensing technologies (e.g., radar, optical, lidar) for use in
land management decisions with indigenous peoples,
government, and industry will be presented. Examples
will include studies into caribou herd movements in
relation to mining, habitat suitability modelling of
different species, and classification of ecosystems for
habitat restoration. Some of the theory, limitations, and
the types of advances that may be achieved through
continued investment and integration of remote sensing
technology will be discussed. The talk will focus on ways
to integrate remote sensing technology into resource
management to solve a range of ecological problems that
were historically challenged by limited field study.

Development of the Snap Lake
Final Closure and Reclamation Plan
Tran, L.
De Beers Group, Calgary, AB
lisa.tran@debeersgroup.com
The success of permanently closing a mine site requires
thought and care in developing closure criteria that will
ensure agreed upon closure objectives are met. Closure
criteria, along with the associated performance
monitoring programs allow for clear, measurable targets
for reclaiming a mine site. Snap Lake Mine’s closure
criteria were first proposed in 2013 to provide De Beers’
planned approach to meeting the closure objectives and to
act as a starting point for engagement with stakeholders.
Since then, the closure criteria have gone through a
lengthy iterative process involving technical workshops,
traditional knowledge workshops, working groups with
reviewers and regulators, and multiple community level
engagements. This process resulted in new set of specific,
measurable, and attainable closure criteria that reflect
community values; are consistent with operational
measures of performance, and address reviewer interests.
The Final Closure and Reclamation Plan (FCRP), with
revised criteria, were first submitted as part of the Water
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License application in 2019. Following receipt of the
water licence and in accordance with Board directives to
meet reviewer concerns, the FCRP was re-submitted in
September of 2020. Following a concordance review and
additional Board directives, the FCRP was re-submitted
again in March of 2021. Once again, the FCRP was subject
to public review and another series of workshops and
engagements. In October of 2021, the Board granted
interim approval, but mandated an additional workshop
and further review of closure criteria and monitoring
timelines. Following additional engagement, the FCRP was
re-submitted again in July of 2022 and has undergone
another public review. De Beers is awaiting final approval
by the Board.

slumping (RTS) has emerged as a primary thermokarst
modifier of ice-rich slopes, raising the need to investigate
their spatial distribution and temporal patterns of
intensification. Understanding the geomorphic
consequences of RTS and the cascade of environmental
effects requires that the volumetric displacement due to
thaw-consolidation and sediment erosion can be
estimated for large RTS populations. Robust estimates of
RTS structural traits, such as depth of thaw or volume, can
be obtained through area-volume relationships, also
known as allometric scaling. To address the fundamental
knowledge gaps related to the area-volume scaling of RTS,
we first needed a suitable surface interpolation technique
to model pre-disturbance topography upon which RTS
volume calculations were based. Among 8 methods with
Snap Lake is currently engaged in active closure. This
32 parameterizations tested, Natural Neighbour surface
phase in the life of the mine involves adapting water
interpolation achieved the best precision in
management systems for passive flow, decommissioning
reconstructing ice-rich permafrost terrain surfaces in the
and demolishing mine facilities, and reshaping and
Beaufort Delta region (Canada) that conform to the
revegetating the land. Following completion of closure
original undisturbed topography (90th percentile Root
activities, post-closure will begin whereby the site will be
Mean Square Difference ± 1.0 m). We observed an inverse
monitored for achievement of the closure criteria in
association between RTS volume and relative volumetric
accordance with the agreed upon closure objectives.
error, with uncertainties <10% for large RTS and <20% of
small-to-medium RTS. Second, a more detailed inventory
of RTS-affected terrain was required to characterize the
diverse range of disturbance morphologies and activity
levels in the study area. We developed a Multisource
Area‐volume relationship of
Slump Inventory (MSI) to provide a temporally consistent
retrogressive thaw slumps in the
geospatial database of RTS areas and associated attributes
that was intended to capture active RTS as well as more
Canadian Western Arctic
complex polycyclic or old/ancient RTS. Through
standardized delineation principles and manual
van der Sluijs, J.1, Kokelj, S.2, and Tunnicliffe, J.3
interpretation of three high-resolution hillshade DEMs it
1NWT Centre for Geomatics, Government of Northwest
was possible to observe temporal and spatial trends in
Territories, Yellowknife, NT
these multi-year, chronic mass-wasting features. We
2Northwest Territories Geological Survey, Government
demonstrate a case study spanning one decade
of Northwest Territories, Yellowknife, NT
(2004-2016) of slump activity (+38% increase in active
3University of Auckland, Auckland, New Zealand
RTS, +69% increase in total active surface area), with
jurjen_vandersluijs@gov.nt.ca
most of the recent slumping activity occurring within
areas of past disturbance. Third, in order to address the
problem of scaling volumetric change, we used fine-scale
Ice-rich glaciated permafrost environments across
topographic surveys to calibrate the relationship between
northwestern Canada are amongst the most rapidly
RTS area and eroded volume. The allometric area-volume
changing permafrost landscapes in the world.
power-law model indicated non-linearity in the rates of
High-resolution satellite and airborne imagery and
RTS growth and intensification across scale, irrespective
elevation models have enabled new insights into the
of DEM source (adj-R2 of 0.85, n=1,522). This highlights
nature, activity and magnitude of thermokarst processes
the importance of quantifying rates of RTS erosion beyond
affecting permafrost landscapes. However, tracking
tracking change in planimetric area. Our observations
geomorphic change in this region has long been
suggest that there is potential variation in depth-scaling of
challenging due to inherent constraints of available
RTS populations based on morphometry, glacial legacy
remote sensing products and a narrow process-based
and slump evolution, as well as the method and ontology
understanding of rapidly changing thaw-driven
by which RTS are inventoried.
landforms. In the warming Arctic, retrogressive thaw
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Tłı̨chǫ Aquatic Ecosystem Monitoring
Programs: A decade of fish and water
collection with local communities
Vecsei, P. and Knapton‐Pain, T.
Tłı̨chǫ Government, Behchokǫ̀ , NT
michael.birlea@tlicho.ca
The Tłı̨chǫ Aquatic Ecosystem Monitoring Program
(TAEMP) is a successful community-based monitoring
program designed to determine whether fish, water, and
sediment quality are changing over time and whether fish
and water are safe to consume. The TAEMP rotates
science-based fish, water and sediment sampling through
each of the four Tłı̨chǫ communities so that every
community has samples collected and analyzed once
every four years. As a successful community-driven
program, it meaningfully involves community members in
conducting contaminants-related research, including the
collection of samples and observations using both Tłı̨chǫ
and scientific knowledge. The Marian Watershed
Stewardship Program (MWSP) is also a community- based
aquatic effects monitoring program in the Marian
Watershed. MWSP was initiated in 2013 and was
designed to monitor the cumulative effects of
development, land disturbance, and climate change
drawing on both western and indigenous science to
obtain baseline conditions and potential changes over
time. Both programs use extensive laboratory analysis of
samples collected. Results are annually presented to
relevant communities. A recent (2022) addition to these
programs is the Dinà gà Wek’è hodı̀ Aquatic Ecosystem
Monitoring program (DAEMP) which has the same
cultural and scientific goals as previously mentioned
programs but is geographically limited to the waters of
the North Arm of Great Slave Lake.

Mobile caribou conservation measures
Vivian, G.1, Clark, K.2, Gunn, A.2, and Poole, K.3
1Aurora Geosciences Ltd., Yellowknife, NT
2Reseach and Management, Wildlife and Fish Division,
Environment and Natural Resources, Government of
Northwest Territories, Yellowknife, NT
3Aurora Wildlife Research, Nelson, BC
gary.vivian@aurorageosciences.com
A collaborative effort has been undertaken between
Industry and GNWT/ENR to develop a usable template for
industry to monitor and provide data on the movement of
caribou. A series of mitigation measures will be used to
support the movement of caribou through “zones of
influence”.
Industry, government and recognized experts in the field
of caribou protection have understood that drawing
permanent lines on a map defining habitat areas is not an
effective way of protecting caribou. The most efficient way
of caribou protection is through mobile measures. The
pilot project which has been built to recognize the
movement of caribou, uses areas of influence to determine
how much mitigation is required from a proponent while
also showing the effects from the mitigation measures
being applied.
The development of the Mobile Caribou Conservation
Measures Pilot Project is a way to support the thinking
that development and the environment need to co-exist.
We believe this is a good strategy and a positive step
forward in protecting the very fragile caribou population.

Sixty North Gold Mining Ltd. Discovery
of a nickel, cobalt, PGM, REE showing
in an Archean‐hosted IOCG system,
Yellowknife Greenstone Belt,
Northwest Territories, Canada
Webb, D.
Sixty North Gold Mining Ltd., Vancouver, BC
dave@drwgcl.com

A large hydrothermal unit, 3.2 km long by 0.5 km wide
that is coincident with an intense magnetic low has been
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identified at the Mon Gold Mine. The anomaly coincides
with a fine to coarse-grained poikilitic albitite that
macroscopically resembles an undeformed gabbro. A
petrographic study on a grab sample identified the rock to
be 81 to 83% albite, 10 to 15% quartz, and 4 to 5%
hematite with ancillary chlorite, biotite and other opaque
phases <1%. It is texturally inhomogeneous and hosts
patchy weakly gossanous fracture zones that occur in
three distinct areas. The discovery outcrop was initially
grab sampled by Wayne Kendrick following up on an
elevated cobalt anomaly in a spruce bark sampling
program. The grab sample returned >10,000 ppm nickel,
1,829 ppm cobalt, 0.430 gpt gold, 0.519 gpt silver, and
4.65% P2O5. Subsequent sampling confirmed this
averaging 0.297% nickel, 0.020% cobalt, 0.113 gpt gold,
1 gpt silver, 0.03 gpt platinum, 0.01 gpt palladium,
2.70 P2O5 and 0.09% TREE. Chondrite-normalized REE
plots show a negative La/Lu ratio of 18 with a
pronounced negative Eu anomaly.
Recent mapping shows a series of weakly gossanous
fracture zones extending for 1,800 m by 350 m along the
eastern margin of the albitite. Two historic gold showings
occur within this zone, where metre-wide quartz veins
with gold values >30 gpt had been identified and
confirmed. Two other patchy, weakly gossanous zones
occur in the area: one 600 m by 80 m exposed
immediately west of the Mon Gold Mine and another
300 m by 50 m exposed north of Discovery Lake. The
proximity to the Mon Gold Mine and the recognition of the
extensive hematite + albite alteration of Burwash
Formation argillites within the gold mine requires further
investigation.
The cryptic nature of this alteration zone and associated
mineralization with limited geophysical responses
requires detailed mapping and sampling.

Update on high‐grade gold mining at
the Mon Gold Mine, Yellowknife
Greenstone Belt, Northwest
Territories, Canada
Webb, D.
Sixty North Gold Mining Ltd., Vancouver, BC
dave@drwgcl.com

The Mon Gold Mine was discovered by Cominco in 1937
where the surface exposure of a folded quartz vein
showed abundant visible gold. It was trenched over a
93 m strike-length, averaged 53 gpt over an average width
of 1.9 m. The southern 24 m of this graded 69.6 gpt over
an average width of 2.7 m. Cominco sunk a shaft to a
depth of 19.5 m and completed 47.5 m of lateral
development in 1938 with no vein reported to have been
encountered. Diamond drilling in the 1940s, 50s, and 80s
resulted in ambiguous results. In 1989 focused drilling
exposed the vein at depth, intersecting 40.7 gpt/1.3m and
42.5 gpt/1.2 m at 10 m and 6 m downhole respectively, as
well as 45.9 gpt/3.1m 19 m downhole in the first three
drillholes of the “discovery” program. Mining in 1989
extracted 2,300 tonnes grading 25.5 gpt based upon
161 composite chip samples. An additional 12,500 tonnes
was mined between 1990 and 1997 and a crush, grind
and gravity mill installed in 1992 processed the ores on
the property, recovering 87% of the gold. Tailings storage
is in the old stopes and in a lined facility on the property.
The A-Zone was only mined to a depth of 15 m below
surface over a strike length of 120 m for the 15,000 tonnes
extracted. The crown pillar was partially removed,
however ten trenches with samples collected using a
mechanical chipper averaged 111.8 gpt across an average
width of 1.2 m.
Sixty North Gold Mining has obtained Land Use Permits,
Water Licenses, and Land Leases to commence mining
and processing at 100 tpd. Diamond drillholes below the
old stopes demonstrate continuation of the zone for an
additional 50 m depth (61.4 gpt/1.2m in 87-11,
15.3 gpt/1.6m in NDM-3, 47.5 gpt/3.0m in 89-7,
25.4 gpt/1.7m in 89-14). In 2021 all mining equipment
and infrastructure was brought onto the property and
130 m of ramp was extended and slashed to 3 x 4 m to
allow for production at 100 tpd. An additional 70 m of
ramp development is needed before stopes will be
developed along this strike-length of the vein. Further
ramping can continue as warranted. It is expected that the
historic recovery of 1,000 troy ounces per vertical metre
will continue over this distance or will increase as more of
the east limb of the folded vein can be accessed, extending
the strike length of the vein available for mining. The
exceptional grades are comparable to those recovered
from the Discovery Mine (one million ounces of gold from
one million tons of ore).
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Developing a Northwest Territories
Permafrost Data Management System
Weiss, N.1, Rudy, A.1, Kokelj, S.1, Karunaratne, K.1,
Humphries , J.2, and Tjhin, J.3
1Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
2Aurora Research Institute, Inuvik, NT
3NWT Centre for Geomatics, Government of Northwest
Territories, Yellowknife, NT
niels_weiss@gov.nt.ca
Permafrost conditions control the stability of northern
landscapes, and characterization and monitoring are
critical to understanding the impacts on natural and built
environments across the Northwest Territories.
Numerous organizations generate valuable permafrost
data for various purposes, yet there are no data collection
and reporting standards and no central repository. The
Northwest Territories Geological Survey is working on a
permafrost data management system, which includes a
robust relational database, templates, protocols, and
streamlined workflows to address this. The overall goal of
the data management system is to improve data collection
and organization, to make permafrost data accessible, to
advance permafrost knowledge, and to contribute to
climate change preparedness and adaptation in the North.
A central Northwest Territories permafrost data hub can
provide a platform for data dissemination and synthesis
outputs and help integrate other types of permafrost
knowledge. Here we will provide an overview of the
current state of the NWT Permafrost Database and
present a roadmap to integrate data contributions
through government and academic collaboration.

Chidliak Diamond Project Update
Willis, D.
De Beers Group, Chidliak Diamond Project,
Yellowknife, NT
david.willis@debeersgroup.com
The Chidliak Project located on the Hall Peninsula of
Baffin Island. The project commenced in 2007 and is
fifteen years old in 2022. A total of 74 kimberlites were
discovered during the exploration period and kimberlite

CH-6 is the best of these bodies having an exceptional
diamond grade and good quality diamonds. De Beers is
investigating leading edge technologies to mine CH-6 in
a more sustainable manner.

*Super‐deep and lithospheric
diamonds in the DO‐27 kimberlite,
Northwest Territories – geochemistry
age and origin
Zhang, Q.1, Timmerman, S.1, Malakhova, I.1,
Stachel, T.1, and Chinn, I.2
1University of Alberta, Edmonton, Alberta
2De Beers Group Services (Pty) Ltd, Southdale, South
Africa
qiwei2@ualberta.ca
The world’s largest, most valuable diamonds are of sublithospheric (super-deep) origin. Their sub-lithospheric
origin means that in searching for deposits containing
these diamonds, approaches to indicator mineral
chemistry need to be modified. A lack of understanding of
the formation ages of super-deep diamonds versus their
lithospheric counterparts also hampers the development
of models for the origin of these deposits. Here we
characterise diamonds and their inclusions from the
DO-27 kimberlite, NWT, with the aim of improving the
understanding of super-deep diamonds in the NWT.
A suite of 448 inclusion-bearing diamonds revealed
~30% with N contents below detection limits for infrared
spectroscopy, i.e., of Type II character, and ~ 12 % with
fully aggregated N (Type IaB), characteristics indicating a
high proportion (42%) of stones with a potential sublithospheric origin. Most of the Type II and some Type IaB
diamonds have a typical lower-mantle mineral association
(primary Mg-perovskite ± Ca-perovskite ± ferropericlase,
retrogressed to enstatite ± breyite ± ferropericlase). Major
elements of ferropericlase are consistent with a
super-deep origin as its high Mg# (~82) is within the
range of composition of ferropericlase equilibrated with
bridgmanite at lower mantle pressure. Preliminary age
results indicate diamond formation in the Proterozoic.
The remaining 58% of inclusion-bearing diamonds from
DO-27 show N-aggregation characteristics and inclusion
compositions typical of lithospheric diamonds, with
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olivine, enstatite, Cr-diopside, high-Cr garnet, and sulfide.
The results of the analysis of ~ 2200 indicator mineral
grains from the DO-27 kimberlite will also be presented.

*Assessing the potential of calcium
sulfoaluminate cement‐based grouts in
simulated permafrost environments
Zhao, J., Huang, G., and Liu, W.V.1
University of Alberta, Alberta, AB
wvliu@ualberta.ca
About 50% of Canada’s landmass is classified as
permafrost regions. In permafrost regions, conventional
grouts made of ordinary Portland cement (OPC) may
cause the failure of grouting because of their slow
strength development at cold temperatures. Compared to
OPC, calcium sulfoaluminate (CSA) cement exhibits the
characteristics of rapid setting and strength development,
giving it the potential to be applied in permafrost regions.
However, no research has been conducted to assess the
potential of CSA cement-based grouts cured at cold
temperatures, especially in a permafrost environment. To
this end, this study aimed to assess the potential of
calcium sulfoaluminate (CSA) cement-based grouts in
simulated permafrost environments. The hydration and
the performance of CSA cement-based grouts cured in
permafrost environments (i.e., 10 °C, 0 °C, and -10 °C)
were investigated by a combination of tests including
temperature recording, X-ray diffraction (XRD) tests,
thermogravimetric (TGA) analysis, and unconfined
compressive strength (UCS) tests. A rapid temperature
increase was observed in all samples at an early age, and a
significant quantity of hydration products was generated
according to TGA and XRD tests. Based on the above
results, it was revealed that the hydration of CSA
cement-based grouts at an early age was rapid at cold
temperatures. Consequently, CSA cement-based grouts
exhibited remarkably high early strength. The 2-hour
UCS of samples reached 6.5 MPa, 12.0 MPa, and 12.3 MPa
when the curing temperatures were -10 °C, 0 °C, and
10 °C, respectively. In addition, the UCS of grouts cured
at -10 °C, 0 °C, and 10 °C kept increasing with age, and
ultimately reached 14.9 MPa, 19.0 MPa, and 30.6 MPa at
28 days. From the findings, it is concluded that CSA
cement-based grouts can develop strength rapidly in a
cold environment, making them have a potential for
permafrost region applications.
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*Trace fossils of the Imperial
Formation, NE Mackenzie Mountains,
NWT
Acikelli, A.1, Gingras, M.1, Terlaky, V.2, Rocheleau,
J.2, and Adepoju, Y.2
1University of Alberta, Edmonton, AB
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
acikelli@ualberta.ca
Trace makers and the preservation potential of burrows
are sensitive to several stress factors including
sedimentation rate, hydraulic energy, reduced oxygen,
and salinity changes. These stresses can be linked to
depositional processes and can be used as a strong proxy
to predict depositional environments.
The trace fossil distribution in the Devonian Imperial
Formation allows differentiation between basinal
turbidites and shallow marine deposits. In this study, two
sections of the Imperial Formation are documented, one
of which represents predominantly deep marine, and the
other predominantly shallow marine environments.
The western section, Gayna Gorge, comprises more than a
hundred-meter-thick succession of turbidite deposits
identified by the presence of thin- to thick-bedded
siltstone, mudstone, and very-fine-grained sandstone with
Bouma subdivisions (Ta, Tb, Tc, and Td) and little or no
bioturbation. Mudstone interbeds representing a low
degree, a mono- specific assemblage of simple geometry
trace fossils (Bioturbation Index BI 0-1) are uncommon.
These low BI values are interpreted to be linked to high
sedimentation rates and hydraulic energy conditions
caused by turbidity currents. The rapid burial and dilution
of food resources under high sedimentation rates result in
unfavorable conditions for burrower fauna. The presence
of simple feeding structures is due to the difficulty of
building and maintaining domiciles under high-energy
turbidity currents. Colonized surfaces could also be
eroded by high-frequency turbidity currents, and
burrower fauna may not have enough time for

recolonization between sedimentation events. The small
size of those simple burrows is also linked to lowered
oxygen and scarce food resources.
In contrast, the upper part of the Powel Creek section
represents deposition in a wave-influenced environment.
This section consists of highly bioturbated (BI 4-5),
very-fine-grained sandstones and siltstones interpreted as
fair-weather sedimentation that are intercalated with
hummocky cross-stratified tempestites with oscillation
rippled bed tops. The mottled textured sandstones
present high BI, high ichnological diversity, and
well-developed (large size; cm to dm scale) burrow suites.
This type of trace fossil suite indicates deposition under a
fully marine, oxygenated, shallow water environment
above a fair-weather wave base (5 to 15 meters in depth).
The trace fossil suite is defined as the Proximal Cruziana
Ichnofacies which is dominated by deposit-feeding with
minor filter-feeding burrows including Planolites isp.,
Paleophycus isp., Phycosiphon isp., Rhizocorallium isp.,
Arenicolites isp., Chondrites isp., Thalassinoides isp.,
Cruziana isp., Pycodes isp., Teicichnus isp. The storm beds
display high density, low diversity, and sporadically
distributed burrows including Phycosiphon isp. and
Paleophycus isp. These sporadically distributed
bioturbation intervals represent post-storm opportunistic
colonization.
The shift from turbidites to shallow marine deposits is
identified by the abrupt change in the bioturbation index
and diversity, which reflects the reduction of
physicochemical stress factors affecting burrower fauna.
The future work will be based on collecting more datasets
to investigate environmental changes within the Imperial
Formation. For this purpose, inorganic geochemistry and
biomarker datasets will be collected from deep marine
and shallow marine mudstones to document geochemical
changes within these depositional environments.
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*Linear infrastructure and permafrost
monitoring with airborne SAR and
photogrametry data
Ahmed, U. and Rabus, B.
Simon Fraser University, Burnaby, BC
uiahmed@sfu.ca
Interferometric Synthetic Aperture Radar (InSAR) is
widely used as a deformation and change monitoring tool
over the years. Photogrammetry systems on the other
hand are emerging as a rapid tool for change detection
with lower survey cost than LiDAR. A SAR and a
photogrammetric system operated simultaneously from
a single aerial platform provides strong sensor fusion
possibilities. This can improve the accuracy of repeat pass
Interferometric SAR (InSAR) results and give a direct
measure of change from the photogrammetric DEM
products.
Motion compensation is a key step in airborne SAR/InSAR
processing, and the availability of accurate external digital
elevation models (DEMs) is at the heart of many InSAR
applications. We are working towards producing high
precision photogrammetric DEMs as reference for
interferometric and tomographic applications as well as
for direct change analysis, and in parallel use with the
photogrammetric block adjustment parameters to adjust
the flight trajectory for enhanced motion compensation in
repeat pass InSAR. To meet these goals; as SAR is oblique
looking by design, an un-conventional off-nadir
photogrammetric field-of-view coinciding with the SAR
swath is required for our combined system. We have
established the accuracy of our system by comparing
oblique looking geometry with Nadir looking geometry, as
well as with the WorldDEM tile over the area of interest.
We are conducting a bi-annual aerial surveys over the
Alaska Canada Highway near Silver City, Yukon Territory,
Canada as part of the Permafrost Network team to analyze
permafrost related change on the highway. The research
is being supported by the Permafrost Network and PCSP
logistic funds. We are currently processing data from last
three years of surveys to quantify the change in the region
of interest. In parallel we are also developing the airborne
interferometric SAR chain with and without incorporation
of the photogrammetric block adjustment parameters to
measure the change in the region of interest and assess
the improvements due to the enhanced motion
compensation.

*Post‐drainage evolution of drained
lake basins in Old Crow Flats, Yukon
Chiasson, D.1, 2, Roy‐Léveillée, P.1, 2, and
Bhiry, N.1, 2
1Centre d'études nordiques, Kuujjuarapik, QC
2Université Laval, Québec City, QC
danielle.chiasson@gmail.com
Thermokarst lakes and drained lake basins (DLBs) are the
most prominent periglacial landforms in ice-rich lowlands
of the Arctic and sub-Arctic. The dynamic nature of
thermokarst lake formation, growth, and drainage creates
an ever-changing landscape that controls geomorphic,
ecosystem, and biogeochemical processes. Old Crow Flats
(OCF) is a lake-rich thermokarst landscape in the
traditional territory of the Vuntut Gwitchin First Nation
(VGFN), spanning 5,600 km2 within the continuous
permafrost zone of northern Yukon. In 2019, the VGFN
declared a climate change state of emergency due to
drastic rates of landscape change in their traditional
territory, including changes in vegetation structure and
increased rates of catastrophic lake drainages. Such
environmental changes have been reported from other
thermokarst lowlands across the Arctic. In OCF, these
changes have been documented over the last few decades,
along with evolving ecological conditions within recent
DLBs. However, paleo-environmental reconstructions of
DLBs are sparse, impeding comparisons of contemporary
conditions with baseline post-drainage conditions prior to
anthropogenic climatic warming. This study analyzes the
evolution of vegetation composition and permafrost
dynamics within DLBs of OCF over the last several
hundred to thousand years. Peat samples from different
geomorphological components of DLBs have been
collected for plant macrofossil analyses and radiocarbon
dating. Local vegetation histories will be reconstructed
through radiocarbon-dated macrofossil records and
compared to documented contemporary post-drainage
vegetation succession patterns in the region. These
records aim to answer key questions about the evolution
of DLBs, such as the timing of post-drainage permafrost
aggradation, the historical presence of willow-dominated
successional stages, and the importance and persistence
of remnant ponds. Additionally, a conceptual model will
be created to help visualize how various environmental
factors can contribute to the evolution of different
components of DLBs. By increasing our knowledge of DLB
dynamics under past and current climatic conditions,
better projections can be made for future landscape
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change and the associated feedbacks that DLBs contribute
to the climate system.

Gold in an esker
Cummings, D.1, 2, MacDonald, F.3,
Ponomarenko, D.4, and Bilak, G.2
1DCGeo Consulting, Aylmer, QC
2Carleton University, Ottawa, ON
3Kenorland Minerals North America Ltd., Vancouver,
BC.
4Borissiak Paleontology Institute, Moscow, Russia
cummings1000@gmail.com
Eskers are commonly perceived as poor drift-prospecting
sampling media for gold exploration, this despite a
paucity of published data. Compared to till, the preferred
sampling medium, their provenance is often thought to be
more questionable and more distally sourced, and gold
particles within them are often thought to be more
heterogeneously distributed due to hydraulic sorting
effects, leading to noisy geochemical responses. To test
this, tightly spaced samples (150 m sample interval,
n = 179) were collected along the crest an esker that
crosses a prominent gold-in-till dispersal train downflow
of the Regnault gold deposit, Québec. Samples were sieved
to isolate the mud (<63 μm) fraction, digested in aqua
regia, and analyzed using inductively coupled plasma
mass spectrometry (ICP-MS). The samples reveal a
prominent gold anomaly in the esker. It is shifted 3 km
downflow relative to the till anomaly, from which it is
interpreted to have been sourced. The gold-in-esker
anomaly is relatively homogeneous (i.e., it is continuous
from sample to sample) and extends downflow for at least
2.5 km, to the edge of the mineral exploration property.
These results add to a growing body of evidence that
suggests the nature (lithology/mineralogy/geochemistry)
of all particles in eskers, including the finest ones
(<63 μm fraction), tends to be roughly similar to that of
the underlying till, and that downflow displacement of
esker dispersal-trains tends to be minor (e.g., several
kilometres) relative to the till dispersal trains from which
they are sourced. On a first order, eskers may commonly
provide similar geochemical information as the
underlying till. A re-evaluation of eskers as gold
exploration tools is warranted.

Updates to the KIDD and KIMC
databases
Elliott, B.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
barrett_elliott@gov.nt.ca
The Kimberlite Indicator and Diamond Database (KIDD)
and Kimberlite Indicator Mineral Chemistry (KIMC)
database have served as important repositories for
diamond exploration data in the Northwest Territories
since their development in 2000 and 2001 respectively.
This data was compiled chiefly from industry assessment
reports, with lesser input from geological surveys and
academic publications. KIDD currently contains 219,771
entries from 646 sources and KIMC contains 129,591
entries from 120 sources. An update to both of these
databases from 23 sources is in progress and will add
6,714 entries for KIDD and 65,214 entries for KIMC. Dr.
Herman Grutter of SRK Consulting (Canada) has been
contracted to comprehensively upgrade, correct and
accurately classify the kimberlitic indicator mineral
chemistry analyses held in the KIDD/KIMC Open File
dataset for NWT and NU. Phase-1 upgrading of 197,321
KIMC records is complete and Phase-2 upgrading of a
further 8,127 records is in progress.

Dielectric lab measurements on ice
samples
Gruber, S. and Fereydooni, H.
Carleton University, Ottawa, ON
hoseinfereydooni@cmail.carleton.ca
To understand permafrost change, we need to know
where the ground ice is. Several geophysical approaches
have been developed to detect ice in the ground, based on
the high resistivity of ice; however, most of these
geophysical approaches fail to show the unique properties
of underground ice, and there is a degree of ambiguity in
the interpretation of their results despite their benefits.
An important aspect of this study is to investigate the
dielectric properties of ice, which provide a unique
geophysical characteristic for ice. Ice has a relaxation time
at low frequencies that can be detected by both the real
and imaginary spectra of the dielectric spectra of ice. The
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lab measurements were done with a Sciospec 1 channel
Potentiostat-Galvanostat to gather impedance spectra
between 100 Hz to 1MHz frequencies, the current range
is around 2mA, and a cyclic function has been utilized for
both voltage and current. The sample holder is designed
by the geocryology lab at Carleton University. It consists
of two circular plates (31 mm in diameter, 5 mm apart)
to inject the current into the ice samples, and
non-conductive materials surrounding the plates to
prevent current leakage. The sample holder's geometrical
properties make it possible to convert impedance results
(real and imaginary parts of resistivity) into dielectric
spectra. Most of the ice samples measured in the lab have
a relaxation frequency of around 150 kHz. The imaginary
part of the dielectric spectrum peaks at the relaxation
frequency, while the real and imaginary parts decrease
above it. The lab results proved that relaxation frequency
is a unique feature of ice that can be used to distinguish ice
from other materials.

Toward a vision and strategy for
Canadian permafrost knowledge
Gruber, S.1, Hayley, J.2, Karunaratne, K.3, King, J.4,

MacLean, T.4, Marshall, S.5, and Moore, D.3
1Carleton University, Ottawa, ON
2University of Calgary, Calgary, AB
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
4NSERC Permafrost Partnership Network for Canada,
Ottawa, ON
5Environment and Climate Change Canada, Gatineau,
QC
stephan.gruber@carleton.ca
Canada is a permafrost country and permafrost thaw
changes its land, damages infrastructure, and further
warms the atmosphere. It threatens Indigenous ways of
life and the ability to plan for a resilient future for
Northerners. Canada’s permafrost knowledge is not
sufficient to address our climate-change crisis; together
we can change that.

The authors of this poster are members of the Strategy
Committee in NSERC PermafrostNet, supporting an open
and inclusive strategic thinking exercise for the future of
Canadian permafrost research. We are motivated by the
draft vision of a vibrant and sustainable future on

changing permafrost lands, and we believe this is possible
with forward-looking adaptation that is co-developed and
informed by western and Indigenous knowledge systems.
The poster illustrates initial thoughts, and your comments
will help shape a strategy together that resonates broadly
in the community.
Shaping a strategy for permafrost knowledge in Canada
requires co-development, especially with Indigenous
peoples. Our current capacity is not sufficient for a
comprehensive process to achieve pan-northern
engagement. Because building permafrost strategy is
urgent, we envision two phases: In 2022, we reach out
within our networks to invite participation and engage
informally with initiatives such as the National Adaptation
Strategy. We hope to gather sufficient momentum so that
in 2023, a structured process toward co-development and
shared governance will be possible.

Best practices for geothermal energy
regulation: A jurisdictional review
Hickson, C.1, Hubbard, B.2, Smejkal, E.1,
Archibald, D.2, and Conde Fernandez, L.2
1Terrapin Geothermics, Edmonton, AB
2Extractive Resource Governance Program, School of
Public Policy, University of Calgary, Calgary, AB
cathie@ttgeo.ca
The Northwest Territories (NWT) has a significant
endowment of natural resources that can be harnessed to
increase the quality of life of its residents, foster the
resilience of its energy sector, and bolster the
development of its economy under sustainability
principles. Tightly linked to this is the need to reduce
carbon emissions in order to mitigate climate change and
its resulting impacts.
In 2022, the GNWT commissioned a report to review the
potential for deep geothermal resources in the Territory
and how best to regulate those resources. The report
confirmed that NWT has an abundance of geothermal
energy that could be used for heat and power. These
resources are not found everywhere, but where they are
found, they could benefit residents and businesses,
particularly in small, remote communities that currently
rely on power and heat generation from hydrocarbon
fuels.
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The work reviewed the policy and regulatory frameworks,
and current state of development of geothermal resources
of seven jurisdictions were studied; Alberta, British
Columbia, Saskatchewan, and the Yukon Territory in
Canada; Nevada and California in the United States and
the Netherlands with a particular focus on a number of
key elements: i) definitions of geothermal energy; ii)
definitions of geothermal resource ownership; iii) systems
of tenure (i.e., the allocation of the right to explore for and
produce geothermal energy); iv) resource royalty
regimes; and v) fiscal incentives for geothermal research
and/or development.

*Ensemble simulations of transient
permafrost change by terrain type:
A conversation starter for developing
permafrost climate services

Based on the observations of the geothermal development
frameworks in these jurisdictions, a number of
recommendations on best practices in geothermal energy
regulation were provided for consideration within the
context of the NWT.

Thawing permafrost generates local hazards such as
landslides and ground subsidence. These hazards can
affect, for example, infrastructure, places of cultural
importance, and access to clean drinking water. To inform
decisions related to permafrost thaw mitigation and
adaptation efforts, transient simulations of permafrost
change can help meet information needs of communities.
Framing the development and delivery of this information
as a special type of climate service, emphasizes the
inclusion of stakeholders via co-production.

The development of geothermal resources has advanced
significantly since the last time the GNWT examined its
policy and legislative framework. This issue was last
examined by Holroyd and Dagg in 2011 as part of their
report; Building a Regulatory Framework for Geothermal
in the NWT. Since this time, the impacts of climate change
have increased in urgency and government policy has
evolved to support the development of lower-carbon
renewable energy sources. Additionally, volatility and
escalating costs of hydrocarbons and the introduction of
carbon-pricing measures has significantly changed the
development landscape.
The GNWT will not be able to develop these geothermal
resources on its own; private sector investment will be
required.
To develop these geothermal energy resources, the GNWT
should: 1) Develop and implement a strategy for the
development of NWT geothermal resources.
2) Develop and implement a legislative and policy
framework that reflects the characteristics of the
resource, and the role the private sector will play in
development of those resources. 3) Invest in geoscience
data, information, and analyses to de-risk private sector
investment. 4) Develop and implement appropriate fiscal
incentives, such as the carbon tax or cap and trade
systems, to incentivize private sector investment in the
NWT’s geothermal resources.

Jonat, G.1, 2 and Gruber, S.1, 2
1Carleton University, Ottawa, ON,
2NSERC Permafrost Partnership Network for Canada,
Ottawa, ON
galinajonat@cmail.carleton.ca

As permafrost observation data are sparse both on a
temporal and a spatial scale, permafrost modelling will be
a key component to a permafrost climate service.
Modelling complements observations with its ability to
extend to places and times that we do not have
observations available for and by modelling important
metrics that are not easily measured in the field. Due to
the variability within permafrost regions in ground
conditions and in driving climate, and due to limited
validation data, ensemble modelling is a useful tool to
propagate and quantify uncertainties related to climate
forcing, modelling approximations, and ground
conditions.
As proof of concept, we present permafrost ensemble
simulations for a 40-year historical period for a site in the
Northwest Territories where long-term meteorological
observations for driving models are unavailable. Using the
software toolkit GlobSim(v1.0), time series of the
reanalyses ERA5, JRA, and MERRA were pre-processed for
the desired locations. A permafrost model, GEOtop, was
driven with these reanalysis products and a variety of
ground descriptions. The ensemble results give an
estimate of both the expected change pattern for a certain
terrain type, along with an estimate of uncertainty. The
resulting variables include ground temperature, ground
ice content, and derived quantities.
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In next steps not shown here, bias-corrected climate
scenarios will allow extending simulations into the future
and the inclusion of other permafrost models, for example
CLASSIC, will allow to better represent the uncertainty
resulting from choices made in model development.
This poster presents these ensemble simulation results
that, after further refinement, may be useful in informing
decisions related to adaptation to permafrost thaw. It is a
conversation starter to gather feedback and gauge interest
among a wide variety of stakeholders.

*Characterizing the precious metal‐
bearing base metal mineralization at
the Homer Lake Prospect, Yellowknife
greenstone belt, NWT
Lemke, T.1, Brueckner, S.1, David, J.2, Knox, B.3,
Reynolds, M.3, and Bachynski, R.4
1University of Manitoba, Winnipeg, MB
2Johannes Gutenberg University of Mainz, Mainz,
Rhineland Palatinate, Germany
3Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
4Gold Terra Resource Corp., Yellowknife, NT
lemket@myumanitoba.ca
The Homer Lake prospect is hosted within the ~2.7Ga
Yellowknife greenstone belt, in the southern Slave craton
in the Northwest Territories. Previous exploration at
Homer Lake by Gold Terra Resources in 2014 and 2016
resulted in ten drill cores, six of which contain the initial
scope of this project, which focuses on the origin of the
precious metal-bearing base metal mineralization
occurring at Homer Lake. Modern drill intersections at
the Homer Lake prospect show enrichment in Zn, Pb,
and elevated Au and Ag grades; for instance, grades of
2.77 g/t Au, 58 g/t Ag, 3.09% Pb, and 7.46% Zn over
5.27 m (DDH TNB-14-004). Samples were taken from
host lithologies and mineralization zones for textural and
compositional analysis and in order to constrain if the
base metal mineralization is of volcanogenic massive
sulfide origin, is related to shear hosted quartz veins, or
is of a different origin.

rich basalt with localized strongly foliated zones. Other
lithologies with more common appearances within the
drill cores are medium to coarse grained gabbros, quartz
eye bearing rhyolite flows and felsic heterolithic and
heterogeneous lapilli tuffs. The presence of mylonites
within the core indicates that the Homer Lake prospect
was proximal to areas of high strain. All lithologies are
commonly cross cut by sub-millimetre calcite veins with
thin alteration halos. Quartz veins cross cutting the core
on the centimeter to meter scale contained no visible gold.
Mineralization is prevalent throughout the core,
commonly as disseminated or semi-massive
mineralization, occurring less frequently than zones of
massive sulfides. The macroscopic ore assemblages are
dominated by pyrite, sphalerite, arsenopyrite,
chalcopyrite, pyrrhotite, and galena. Common
mineralization textures include: (i) sphalerite stingers sub
mm to 1 mm wide typically occurring within foliation
fabric, (ii) disseminated pyrite cubes within a sphalerite
host, typically seen in stringer/vein form, and (iii) massive
sulfides, commonly of arsenopyrite and pyrite. Stronger
mineralization is regularly associated with quartz and
calcite veins. Disseminated sulfides ranging from fine- to
coarse-grained are common in all host lithologies but
rarely make up more than 5% volume.
Due to the initial stages that the project is in, very little
analytical information has been collected, however,
macroscopic observations from core logging underline a
complex history of the base-metal mineralization at
Homer Lake that has been affected by deformation though
the extent and relative timing (syngenetic vs epigenetic) is
unknown as of now. Better understanding of the deposit
and placement of base metal mineralization at Homer
Lake can help with future exploration at the site and
within the Yellowknife greenstone belt.

Dominant lithology within the core ranges from basalt
flows with a fine grained aphanitic texture to phenocryst
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*The glacial dynamics record of
drumlin fields: Implications for
provenance analysis of indicator
minerals

this study will incorporate results from indicator mineral
sampling and till geochemistry analysis from surficial and
section samples. Microsedimentology analysis of the till
matrix from the same sections will also be completed.

Liang, W.1, Ross, M.1, and Normandeau, P.2
1University of Waterloo, Waterloo, ON
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
maross@uwaterloo.ca

*Statistical analysis of ground surface
temperature simulations under
different testing conditions in the
Northwest Territories Tundra

Subglacial sediment (till) is routinely sampled at the
surface for mineral exploration purposes in glaciated
Canada, whereby indicator minerals recovered from the
till are traced back to their buried bedrock source by
going up the paleo-ice flow direction. In drumlin fields,
the orientation of the long axis of drumlins indicates the
paleo-ice flow direction at the time of drumlin formation.
However, subglacial till is sometimes several meters thick
in drumlins, and some of it may be unrelated to the ice
flow phase that created the drumlins. In addition,
erosional processes play a role in the formation of
drumlins. As a result, till from different stratigraphic
positions could be exposed at the surface, thus
complicating the provenance analysis of surficial till. Here,
we report new evidence for ice flow shifts in the Dessert
Lake drumlin field located west of Great Slave Lake (GSL),
even though its drumlins indicate a single ice flow
direction (~249 deg.). Outcrops on two isolated inliers
of Precambrian bedrock show erosional evidence
(e.g., striations) for a clockwise ice flow shift from south
to southwest close to the drumlin field and from south to
northwest closer to the GSL. Several road cuts along
highway 3 expose the cores of drumlins, which consist
primarily of till. Clast fabrics measured along vertical till
profiles from three drumlins show a clockwise ice flow
shift up section, similar to the one recorded on outcrops.
The clast fabrics near the top of the drumlins are
consistent with the orientation of the landforms. We
conclude that glacial dynamics shifted in the area, and the
evidence is well-preserved in both the erosional and
depositional records. The new data tell a more complex
glacial history than the single ice flow direction of the
drumlin field. In this context, it is likely that surficial till
samples in the Dessert Lake drumlin field, and perhaps in
other similar settings, will include till with different glacial
transport pathways and bedrock source regions. It is thus
critical for applications like mineral exploration to
determine whether the till in lower stratigraphic positions
occurs at the surface in the drumlin field. Future work in

Macdonell, H. and Gruber, S.
Carleton University, Ottawa, ON
hannah.macdonell1@gmail.com
Permafrost thaw has many implications for people living
in permafrost areas, ecosystems, and the global climate.
Mitigation and adaptation require information on when
and where to expect permafrost changes as well as their
severity. Modelling can contribute to informing adaptation
in permafrost regions by characterizing the subsurface
thermal regime at different points in time. However, as
models vary in their representation of physical
phenomena, they also differ in performance at each
location. This can make it difficult to justify comparison of
two simulation products, or to distinguish improvement
in the representation of permafrost processes in
modelling software.
Consistency in metrics for model evaluation provides an
opportunity to better compare the relative strengths of
multiple models. In this study, we evaluate models under
a range of accordance measures, for differing terrain
types, and temporal subsets. Through review and
experimental testing, we aim to develop a ranking of
simulation quality that accounts for the specific
characteristics of ground surface temperatures (GST) in
permafrost areas.

The experiment used to illustrate this method includes
three different GST simulations (defined as a model
software and the driving data) for a cluster of sites 300
km northeast of Yellowknife. The numerical model
GEOtop uses three meteorological point-scale datasets
(MERRA-2, JRA-55, and ERA5) as input to produce three
different GST simulations, that are then ranked by
performance. Reanalysis data is acquired using the
software tool GlobSim to produce point-scale time series
data at locations of interest. Each simulation is evaluated
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under a range of accordance measures (RMSE, MAE, d1,
etc.), temporal sub-setting, and terrain types. This analysis
of model-data pairings will take a quantitative approach
to model evaluation that allows for meaningful
interpretation of summary statistics across a range of
spatial and temporal testing conditions.

monitor the current condition of the field. Moreover, a
global risk framework will be developed to assess hazards
on the future performance and integrity of HBR, evaluate
the effectiveness of adaptation strategies for site-specific
hazards, and develop numerical analysis and physical
experiments.

Effects of permafrost degradation,
geohazards and flooding on the
performance and integrity of the
Hudson Bay Railway

*Geology and geochemistry of the
shale‐hosted vanadium mineralization
at the Van property, Northwest
Territories

Majidi, S. and Kenny, S.
Carleton University, Ottawa, ON
sheidamajidi@cmail.carleton.ca

McGill, D.1, Gregory, D.1, Reynolds, M.2,
Concepcion, D.1, and Waterhouse, E.3
1University of Toronto, Toronto, ON
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
3Eckerd College, St. Petersburg, Florida
danielle.mcgill@mail.utoronto.ca

The Hudson Bay Railway (HBR), located in northern
Manitoba, traverses varied terrain units, including
permafrost, peatland, and wetland regions. The various
ground conditions may pose to the HBR the risk of
geohazards such as subsidence, permafrost degradation
due to climate change effects, and flooding events,
especially from Gillam (milepost 326) to Churchill
(milepost 510), which is on discontinuous permafrost
terrain. This may lead to impaired serviceability,
increased frequency of service disruption, increased risk
to asset performance and integrity, and increased costs to
meet levels of service or incurred liabilities. There is a
need to support informed decision-making, under
uncertainty, in order to develop sustainable engineered
solutions with predictable outcomes, improve operational
practices and develop effective adaptation strategies that
mitigate risk.
This study will evaluate the risks threatening the HBR
through change detection mapping using remote sensing
observations (optical, LiDAR, RADAR) from unmanned
aerial vehicles (UAV) and satellite-based sensors.
Terrestrial characteristics, including Land Surface
Temperature (LST), surface water bodies, soil moisture,
and vegetation cover changes over time, will be mapped
to monitor and predict permafrost degradation or
aggradation along the HBR. Also, field studies will be
conducted to monitor other practical characteristics,
including active layer thickness (ALT) and subsurface
water content using geophysical data collection methods
such as ground penetrating radar (GPR) and track
geometry data. This will improve the knowledge base and

Vanadium (V) is an increasingly important critical
element, in part due to its use in V redox flow batteries, a
technology that will support the transition towards a
green economy. To provide for this need, the discovery
and development of new deposits is essential. The Van
property, located in western Northwest Territories,
contains several showings of shale-hosted V in the lower
Ordovician to Devonian Duo Lake Formation of the Road
River Group. The dominant structure of the area is a
large-scale NW-trending, upright fold, with mirrored
stratigraphy on either side of the valley floor. The genesis
of this style of V mineralization is poorly understood and
the mineralization at the Van property has not been
characterized in much detail.
We will present geological observations from a field
visit in summer 2022, which provide important context
for understanding of the sedimentary environment
and structural setting of the shale which hosts V
mineralization. Approximately 50 samples were collected
systematically from two sections of host strata at the
Janice and Jim creek showings. An additional 28 samples
were collected from around the property, including older
rocks of the Road River Group and younger rocks of the
Earn group. Initial geochemical analysis performed on
the collected samples using a portable X-ray fluorescent
analyzer found concentrations of V averaging ~0.7 wt.%
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with some samples containing as much as 3 wt.% V. Bulk
ICP-MS analyses on a subset of the samples are pending.
Optical and scanning electron microscopy will be used to
identify the V-bearing minerals in the deposit and any
alteration associated with V mineralization. Results will be
used to develop a model for deposit formation, which will
support future exploration efforts. This work will also
have important implications for how V can be effectively
and efficiently extracted if mined.

Geophysical interpretation of
aeromagnetic survey, central Slave
craton area, Northwest Territories
Mirza, A. and Cairns, S.
Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
asif_mirza@gov.nt.ca
During the winter of 2017, a high-resolution airborne
magnetic survey was flown for the Northwest Territories
Geological Survey (NTGS) by EON Geoscience Inc. (EON).
The surveyed area is located in the central Slave craton
of the Northwest Territories, covering parts of NTS 075M
and 075N. The traverse lines were oriented east-west
with a nominal spacing of 100 m with north-south control
lines flown at 600 m intervals. The nominal aircraft
terrain clearance was 60 m with drape flying.
Aeromagnetic data from the survey were published in
NTGS NWT Open Report 2017-014.
Calculated grids of reduced-to-pole residual magnetic
field, first vertical derivative, second vertical derivative,
tilt derivative, and analytic signal were used to assist the
interpretation of geological features. New interpretive
maps were produced using a multi-dataset stacking
technique in which the expression of features was
compared across various data layers, and the features
were manually traced on a series of colour-stretched and
shaded-relief grids. Several sets of linear or curvilinear
features have been interpreted as dykes, faults, and
lineaments.
The goal of this geophysical interpretation of
aeromagnetic data is to identify structures that are
prospective for kimberlite mineralization and to rank
those targets for future work. A total of 240 potential
kimberlite targets were identified using the Keating and

Euler (SI=2) techniques; associated structural features
and depths were estimated using local wavenumber
technique. Eighty of the most prospective targets are
presented on the map. The targets are separated into five
ranked categories based on Keating correlation
percentage, error, amplitude, Euler technique correlation,
estimated depths derived from a local wavenumber
technique and related geological structures. The highest
priority targets have been given a rank of 1 and the lowest
a rank of 5. In addition, unconstrained three-dimensional
magnetic inversions were performed on the dataset to
enhance visualizations of magnetic bodies and structural
features below the earth’s surface. The 3D models can be
manipulated and interrogated from any perspective,
which allows for the identification of subtleties in the data
that might be overlooked in 2D models. The new maps
and 3D models will be published as an upcoming NTGS
NWT Open File.

The Circle Two Uranium Property
Nickerson, D.
Prospector
dave.nickerson@outlook.com
There is a potential for the Circle Two uranium prospect
and the surrounding area to host large, but likely lowgrade, deposits analogous to those such as the Rossing
and Huseb orebodies successfully mined in Namibia.
The Circle Two prospect was found in 2020 while
investigating a series of circular geological structures
identifiable on satellite imagery within the large domain
of granitoid rocks west of the Yellowknife Greenstone
Belt. Gummite staining could be observed here and there
over an area of at least one square kilometre. This area
has subsequently been much expanded.
In 2020 a radiometric survey was conducted over an area
of about eight hectares and in 2021 this was expanded to
about 100 hectares. Radiometric highs, frequently, but not
always, correspond to areas of gummite staining. The
survey revealed a system of lengthy, generally northsouth striking, linear zones of enhanced radioactivity
within which specific zones displayed much higher levels
of radioactivity.
The area of interest is underlain by medium to coarse
grained leucogranites with considerable biotite pegmatite.
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The principal uranium bearing mineral has not yet been
positively identified but it is likely to be uraninite.
In 2020 five samples were collected using a small hand
-held diamond drill. In 2021 a further five samples were
collected using a gasoline powered “plugger” drill. Later in
2021, 13 samples from six separate locations were
collected from channels cut into the rock surface with a
hand-held gasoline-powered diamond saw. Also in 2021,
large samples were obtained from two test pits excavated
by drilling and blasting. In 2022 further prospecting was
done resulting in two new showings being found and
biogeochemical test work was also performed.
Although highly selective assays as high as 5.35% U
(6.31% U3O8) have been obtained, and laboratory assays
of core samples containing noticeable gummite have ran
as high as 900 ppm U (1,060 ppm U3O8), most assays of
interest were in the range of 100 ppm U (118 ppm U3O8)
to 350 ppm U (412 ppm U3O8). These numbers are quite
comparable to those common in Namibia.
Further work will be required to fully evaluate the
uranium potential of this region.
In 2020, 2021, and 2022 the exploration work was paid
for in part by financial assistance made available by the
Government of the Northwest Territories through the
Mining Incentive Program.

*Low‐temperature thermochronology
of the Liard Basin and its thermal
evolution: Insights from zircon
(U‐Th)/He dating
Pinto, T.1, Enkelmann, E.1, and Terlaky, V.2
1University of Calgary, Calgary, AB
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
tais.fontespinto@ucalgary.ca
The southwest Northwest Territories comprises
Phanerozoic passive margin and foreland basin sediments
of the Western Canada Sedimentary Basin (WCSB) that
overlay Archean-Proterozoic basement. This region is
marked by anomalously high geothermal gradients (>40°
C/km) and heat flows (70–120 mW/m2). The Liard Basin

is in the western portion of this region and is
characterized by geothermal gradients of 30–40° C/km
and heat flows of 40–70mW/m2. Our objectives are to
constrain when and how the geothermal anomaly
developed by understanding the history of the
thermo-tectonic processes. We aim to evaluate the burial
and erosional history of the Liard Basin strata and
exhumation along the Cordilleran deformation front that
constitutes the western portion of the basin. Previous
studies focused on characterizing the deposition
environments, oil and gas reservoirs, and sediment
provenance, but no thermochronology data have been
published that quantify burial and erosion. We use
low-temperature thermochronology to constraint the
thermal history of sedimentary rocks across the basin. A
total of 41 samples were collected, 3 basement rocks, 3
Devonian, 13 Carboniferous, 5 Triassic and 17 Cretaceous
strata samples. Our samples come from 26 outcrops and
15 core samples with depths ranging 480–2585 m.
Apatite and zircon mineral separation was conducted on
all samples, but only 23 samples yielded suitable zircons.
We here report 77 new single-grain zircon (U-Th)/He
(ZHe) dates. The ZHe system is sensitive to temperatures
of 160–200 °C. That means in case of a sedimentary rock,
the ZHe date records the cooling of the sediment
provenance region. However, if post-depositional heating
due to burial is high enough to heat the sample to >160 °C,
then the ZHe date is partially or entirely erased
(i.e., partially or total reset). In case the ZHe dates of the
sample postdate deposition. Most of our samples are
partially reset. The ZHe dates of the Devonian sample
range 80–524 Ma, the Carboniferous 107–1116 Ma, and
the Cretaceous 75–602 Ma. The wide spread of dates
within and between individual samples suggests a
complex thermal history recorded within 160–200 °C.
When evaluating date patterns only a faint east-west
trend can be observed from non-reset to totally reset
samples of all depositional ages. Further thermal
modeling will be performed to constrain thermal history,
by testing time-temperature paths that fit the (U-Th)/He
data. Previously, 9 samples (3 basement, 6 Cambrian
strata) were collected at the eastern margin of the WCSB
near Yellowknife. The apatite and zircon (U-Th)/He
results evidence southeast-northwest trend of non-reset
to totally reset dates. These data will be incorporated in
the final project phase to gain a complete understanding
of how different sectors of the WCSB evolved and how
they correlate with the observed geothermal anomaly.
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Measuring surface displacement using
winter SAR
Plourde, A.
Simon Fraser University, Burnaby, BC
allison_plourde@sfu.ca
Interferometric Synthetic Aperture Radar (InSAR) is a
method of radar remote sensing that can be used to detect
displacements of the ground surface. These displacements
result from seasonal and long-term freezing and thawing
and other processes such as fluctuating groundwater
levels. Although SAR data is of higher quality in winter
(due to the absence of liquid water) than in summer,
existing InSAR methods to measure long-term surface
displacement can only make use of summer SAR data. To
overcome this limitation, research exploring the impact of
snow cover on the InSAR signal is required. This is
important because it will improve the ability to track
surface subsidence, one of the most ubiquitous impacts of
permafrost thaw, more accurately over long durations.
This research project will use measurements of the
snowpack at sites adjacent to the Inuvik-Tuktoyaktuk
Highway to answer two questions: (1) Are existing
physical models of the InSAR dry snow signal correct?
(2) Can the snow signature in winter InSAR data be
removed to enable the accurate measurement of heave
from the winter refreezing of the active layer? This project
will establish field instruments to simultaneously measure
snow depth change (accumulation and wind
re-deposition) and active layer freezeback and assess
their contributions to InSAR displacement measurements
in the immediate vicinity of the instruments.
Instrumentation includes two ground-based sensors: one
tilt logger permafrost motion sensor, one snow height
sonic ranger; as well as two corner reflector (CR) targets
for InSAR based displacement measurements, one CR
deeply anchored as a stable reference, and one CR floating
on a soil surface raft and elevated to measure only
displacement and not snow depth change.

*Initial observations and
characteristics of Outpost Island,
Northwest Territories
Smith, P.1, Lecumberri‐Sanchez, P.1, Reynolds,
M.2, and Falck, H.3
1University of Alberta, Edmonton, AB
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
3Diamonds, Royalties and Financial Analysis Division,
Industry, Tourism and Investment, Government of
Northwest Territories, Yellowknife, NT
pdsmith@ualberta.ca
The Outpost Islands (OI) are located within Great Slave
Lake, 90 km south-southeast of Yellowknife and 150 km
east-northeast of Hay River. Historic mining included
extraction of 8,890 ounces of gold and 13.85 tons of WO3
from 1941 to 1942. Milling of the mine tailings during
1951 to 1952 resulted in another 280 ounces of gold and
3.87 tons of WO3. Later mining was dominantly for copper
and resulted in the extraction of a total 59.88 tons of
copper during the mine’s operation. Since 1952, no active
mining has occurred. In 1994, the site was cleaned then
remediated.
The outcrop at the OI consists of metamorphosed
sedimentary rocks of the Wilson Island Group (WIG),
cross-cut by mafic dikes and quartz veins. The WIG at the
OI consists of cross-bedded quartz arenite interlayered
with biotite-chlorite-bearing metapelite with cm-scale
porphyroblasts. The WIG is crosscut by faults (including
regional NE-SW) that show no significant displacement in
outcrop at the OI. The presence of alteration and
sulfidation associated with these structures is identified
both in drill core and outcrop and are indicators of fluid
migration. Coarse chalcopyrite- pyrite hosted in silicified
rocks have been explored for gold resulting in average
concentrations of 0.05 oz/t, and contain bornite, covellite,
sphalerite, and hematite as accessory minerals.
While the OI have been mined for gold, copper, and
tungsten, it remains unclear if all of these metals are
spatially or genetically associated. This research aims to
determine whether gold, copper, and tungsten are
spatially and/or paragenetically related. From these
results, we will discuss the likely implications for
mechanisms of ore deposit formation and for exploration
implications moving forward.
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Permafrost in rock walls of western
Canada
Stewart‐Jones, E.1, 2, Brown, N.2, Gruber, S.1, 2, and
Blake, P.1, 2
1Carleton University, Ottawa, ON
2NSERC Permafrost Partnership Network for Canada,
Ottawa, ON
emiliestewartjones@cmail.carleton.ca
Warming air temperatures cause rock and the ice filling
its fractures to warm, rendering some rock walls unstable.
When they fail, thousands to millions of cubic metres of
rock can be released and travel down the mountain,
posing a risk to infrastructure, wildlife habitat, and
humans. To better understand and assess such hazards in
an area, we need to know where permafrost exists and
what its thermal characteristics are, something that is
unknown for the greater part of the mountainous regions
of western Canada.
Permafrost in rock faces is related to topography and
climate, a relationship that is conveniently expressed with
surface offsets, the difference between mean annual air
temperature and mean annual rock surface temperature.
In this study, surface offsets in rock walls are simulated
with a physics-based model at nine locations typical for
permafrost terrain across western Canada. The research
is conducted in three parts with three sets of interrelated
findings: 1) The climatic conditions in western Canada
often differ from the areas where permafrost in steep rock
has been well studied before. Nevertheless, similarities in
solar radiation between the well-researched European
Alps and southern interior BC and southern Alberta
suggest similar surface offsets (1-9 °C) and north-south
temperature differences (6-8 °C). The same can be said for
the most northern and coastal regions of western Canada
with regards to the mountains of Scandinavia where
surface offsets are 0-4 °C and north-south differences are
1.5-3.5 °C. 2) Comparing observed and modelled data
indicates that the model adequately captures fine-scale
spatial and inter-annual variability. Mean annual
temperatures, however, are subject to bias on the order of
0.3-3.5°C, likely because of reanalysis bias. 3) Preliminary
results indicate that the highest surface offsets are found
in southern interior BC and southern Alberta where solar
radiation is high due to a relatively low latitude and
relatively high continentality. The lowest surface offsets
are found in the St-Elias mountains, where radiation is
low due to high latitude and low continentality. As

hypothesized, surface offsets and north-south
temperature differences in southern interior BC and
southern Alberta are like those of the Alps at 1-8 °C and
7 °C, respectively. The most northern and coastal region of
western Canada on the other hand have a larger range in
surface offsets (0.1-5.7 °C) and larger north- south
temperature differences (~5 °C) than the rock walls of
Scandinavian mountains.
This research improves our understanding of permafrost
in rock walls of western Canada and showcases a
technique for simulating temperatures in rock walls. It can
be used, for example, for aiding the analysis of observed
rock fall events. Because the simulation workflow uses a
physics-based transient model, it can be used to
investigate likely thermal changes in the past and future,
and it can produce a range of variables useful in
evaluating geotechnical responses to warming.

Review of historical and ongoing
integrated permafrost – hydrological –
ecosystem ground temperature
monitoring at the Trail Valley Creek
Research Basin
Tutton, R.1, 2, Marsh, P.3, Walker, B.3,
Kariyawasam, D.3, Thorne, R.3, Fogal, A.3, Dakin,
B.3, Weiss, N.4, Sonnentag, O.5, and Hould
Gosselin, G.5
1Wilfrid Laurier University, Yellowknife, NT
2Global Water Futures, Waterloo, ON
3Wilfrid Laurier University, Waterloo, ON
4Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
5Université de Montréal, Montréal, QC
rtutton@wlu.ca
Across the pan-Arctic we are observing feedback cycles
between permafrost conditions, rising air temperatures,
hydrology, and the plants, animals, and societies that
occupy these territories. There is a core need for
prolonged and maintained permafrost monitoring
coupled with linked hydrological, ecological, and
anthropogenic systems. Trail Valley Creek (TVC) is a longterm research basin, approximately 50 km north of Inuvik
(NT) in the Western Canadian Arctic. Meteorological and
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ground temperature monitoring stations were established
in 1991 by Environment and Climate Change Canada and
transferred in 2013 to be operated by the Arctic
Hydrology Research Group, led by Dr. Philip Marsh and
Wilfrid Laurier University. TVC is underlain with ice-rich
continuous permafrost ~150-350 m in depth with
evidence of ice-wedges, tabular ice, and segregated ice. In
this presentation we bring together historical data from
key ground temperature monitoring sites and discuss a
new ice-wedge polygon site instrumented in summer
2022. A core aspect of permafrost research at TVC is the
integration with distributed snow mapping, eddy
covariance measurements of energy and matter between
the Arctic tundra landscape and the atmosphere, and high
resolution, spatially distributed modelling. We briefly
summarise the scientific and camp infrastructure and
ongoing methods that provide context for persistence and
resilience of frozen ground conditions. We will outline our
plans to house these data in long-term university data
centres where the data will be preserved, documented
and freely available. With the pressing need to understand
how our changing climate will impact the ground beneath
our feet, knowing what data is available and where the
gaps lie is a top priority. This summary serves as a review
and discussion point on how existing and ongoing data
can best support government agencies, Indigenous
communities, non-governmental organizations, public and
industry to mitigate the impacts of our changing climate.

*Structural geometry of ore horizons at
the XY deposit, Howards Pass Pb‐Zn
district
Xu, J.1, Hickey, K.1, and Reynolds, M.2
1University of British Columbia, Vancouver, BC
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
jxu@eoas.ubc.ca

Lake Formation and adjacent stratigraphic units. Here we
present the preliminary results of the first field season of
relogging historical drill holes and mapping, with a focus
on the central part of the XY deposit (XYC), the largest of
the fifteen deposits at Howards Pass.
The host rock package at XY is deformed by upright folds.
In surface outcrops above XYC, the folds have a pervasive
axial planar foliation that has a consistently steep NNE dip
with an average orientation of 295/67 (right-hand rule).
The intersection lineation between bedding and the axial
planar foliation above XY has a gentle, primarily WNW
plunge with an average orientation of 298/21. Core from
eight drill holes through XYC was reoriented to the
original trend and plunge of the hole such that the axial
planar foliation was striking ~295 with a steep NE dip
while maintaining a gently plunging intersection lineation
with bedding. Then bedding, axial planar foliation, the
intersection lineation between the two, and the fold axis
were measured directly from the reoriented core. The
asymmetry between bedding and the axial planar foliation
and minor fold vergence were used to determine the
relative direction (up or down the drill core) to largerscale antiforms and synforms. Preliminary results indicate
that the enveloping bedding surface at XYC is shallowly
dipping to the southwest and is at a high angle to the axial
planar foliation, suggesting a broad hinge zone. Structural
reconstructions indicate that the mineralized interval has
a true thickness of approximately 40 m; thicker
intersections in drill core appear to be the result of drill
holes oriented at a low angle to fold limbs. Brittle faults
cut across this hinge zone, offsetting stratigraphy, and
locally repeating the ore horizon.
Detailed lithological descriptions and systematic sampling
of the Duo Lake Formation was also carried out in each
relogged drill hole. Samples will be analyzed for δ13C of
organic carbon, total organic carbon, and multielement
geochemistry for comparison with regional
chemostratigraphic records to aid correlation of Duo Lake
stratigraphy throughout Howards Pass and the larger
Selwyn Basin region.

The Howards Pass district comprises shale-hosted
massive sulphide Zn-Pb deposits located near the border
between Yukon and Northwest Territories. Mineralization
at Howards Pass is hosted in the Ordovician to Silurian
Duo Lake Formation, which underwent significant
shortening during the Cretaceous Cordilleran Orogeny.
This MSc study aims to determine the deposit-scale
geometry of the ore horizons by combining detailed
structural analysis and chemostratigraphy of the Duo
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*Setting and failure mechanisms of the
recent Johnson River permafrost
landslide in the central Mackenzie
Valley, NWT
Young, J.1, Kokelj, S.2, Rudy, A.2, van der Sluijs, J.3,
and Froese, D.1
1University of Alberta, Edmonton, AB
2Northwest Territories Geological Survey, Government
of Northwest Territories, Yellowknife, NT
3NWT Centre for Geomatics, Government of Northwest
Territories, Yellowknife, NT
jmyoung1@ualberta.ca
Thaw-induced permafrost landslides have increased in
frequency and magnitude in the central Mackenzie River
Valley over the past ca. 20 years, largely due to increasing
precipitation, air temperatures, and legacy impacts of
forest fires. However, the setting and style of permafrost
slope failures, especially novel large-magnitude deepseated permafrost failures, remain poorly understood in
this region. Here, we present initial observations and
interpretations of the recent large-magnitude Johnson
River permafrost landslide. We use stratigraphic,
geophysical, geochemical, and remote sensing
observations to characterize the geologic setting of the
landslide, including ground ice type and abundance, and
infer potential triggering mechanisms and failure
processes.
The Johnson River landslide is a large deep-seated slope
failure occurring within the extensive discontinuous
permafrost zone, ~15 km upstream of the Mackenzie
River confluence. This complex failure occurs on a
7-degree slope, and measures approximately 5 km by
0.8 km in total disturbance area and involved the
translocation of permafrost materials resulting in a ~2 km
long debris accumulation, that includes abundant
permafrost blocks up to 15m thick that dammed the river
drainage in summer 2017, causing the river to shift its
course and erode a canyon through the valley fill. These
translocated blocks of permafrost have produced large
molards that are actively degrading, resulting in a novel
and dynamic thermokarst setting within the debris
deposit.

and exposure of proglacial lake surfaces. The materials are
characterized by large reticulate cryostructures
throughout the sequence and sub-vertical ice lenses in the
upper exposure. Importantly, thick lenses of massive
intrusive ice, occur at the base of ~15 m head scarps and
are likely associated with the initial translational failure
surface. Timelapse satellite imagery indicates an increase
in surface water ponding and tension cracks in headwall
portions developed in the years after a 1995 forest fire.
We present a conceptual model of the slide involving
increased groundwater infiltration causing instability on
previously burned slopes and bottom-up permafrost thaw
leading to failure at depth. Our initial interpretations on
the Johnson River landslide suggest this feature is a largescale geomorphic response from an ice-rich permafrost
landscape in recent disequilibrium with local climate.

*Next generation 3D ground ice map
Zhang, B.
Simon Fraser University, Burnaby, BC
berilz@sfu.ca
We investigate the potential to create a next-generation
3D ground ice map of Canada by using state-of-the-art
Deep Learning (DL) architectures capable of assimilating
mixed data from raster (SAR and optical remote sensing
and thematic layers), point (borehole depth records) and
conceptual (expert knowledge) sources. Specific emphasis
will be on using DL to uncover the best correlations
between information contained in the raster data about
vegetation cover, surficial geology, geomorphological
history, and InSAR measured seasonal heave/thaw of the
permafrost active layer and the presence of ground ice at
shallow depth.

The stratigraphy exposed by the landslide reveals ice-rich
glaciolacustrine deposits associated with permafrost
aggradation following retreat of the Laurentide Ice Sheet
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