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Abstract
The Integrated Geoscience of the Northwest Passage: Boothia Peninsula–Somerset Island Activity of the Geo-mapping for
Energy and Minerals program, Phase 2 (2013–2020), is a collaborative project between the Canada-Nunavut Geoscience
Office and the Geological Survey of Canada. In summer 2017, fieldwork was conducted on Boothia Peninsula, north of the
hamlet of Taloyoak, Nunavut. The results of the surficial geology study will assist the search for and future development of
natural resources, and provide input for infrastructure and environmental studies. Samples of till were collected and analytical results are expected in early 2018. Field observations of surficial sediments and geomorphological processes were also
documented. Glaciodynamic settings were mapped as cold-based, intermediate cold-based and warm-based zones from
field observations and remote sensing image interpretation. The ice-flow history from the last glaciation is divided into
three broad phases, from the last glacial maximum to the occurrence of an ice stream on both sides of the peninsula.

Résumé
La phase 2 de l’activité relative à la région de la presqu’île de Boothia et de l’île Somerset entreprise dans le cadre des
travaux géoscientifiques intégrés sur le passage du Nord-Ouest est dirigée à par le Bureau géoscientifique Canada-Nunavut
et la Commission géologique du Canada. Au cours de l’été 2017, des travaux sur le terrain ont eu lieu dans la presqu’île de
Boothia, au nord du hameau de Taloyoak, au Nunavut. Les données recueillies relatives à la géologie de surface seront utiles
aux activités de recherche et de mise en valeur éventuelle de ressources naturelles, tout en fournissant des renseignements
pouvant servir aux études portant sur l’infrastructure et l’environnement. Les résultats de l’analyse des échantillons de till
recueillis sont attendus dès le début de 2018. Des observations faites sur le terrain relatives aux sédiments superficiels et aux
processus géomorphologiques ont également été notées. Les contextes glaciodynamiques de la région sont représentés sur
les cartes à titre de zones à base froide, à base froide intermédiaire, ou à base tempérée, cette subdivision ayant été établie à
partir d’observations sur le terrain et au moyen de la téléanalyse. L’historique de l’écoulement glaciaire au cours de la plus
récente glaciation se divise en trois grandes phases, à partir du plus récent maximum glaciaire jusqu’à la manifestation de
coulées de glace de chaque côté de la presqu’île.

Introduction
The Integrated Geoscience of the Northwest Passage: Boothia Peninsula–Somerset Island Activity (Sanborn-Barrie,
2016a), led by M. Sanborn-Barrie (Geological Survey of
Canada [GSC]), is a collaborative project between the Canada-Nunavut Geoscience Office (through financial support
from the Canadian Northern Economic Development

Agency’s Strategic Investments in Northern Economic Development program) and the GSC (Geo-mapping for
Energy and Minerals program, Phase 2 [2013–2020]). The
Canada-Nunavut Geoscience Office (CNGO) has a mandate to gather geological information to promote sustainable development of mineral resources for Nunavut and increase awareness of the importance of earth sciences for
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Nunavummuit. This mandate includes gathering baseline
information about the geochemistry and mineralogy of
surficial sediments. Such baseline data will potentially help
to lower the financial risks of finding new mineral prospects and help local decision makers make better decisions
about development. In summer 2017, fieldwork was
conducted on Boothia Peninsula (Figure 1), north of the
hamlet of Taloyoak, Nunavut.

There are three key components of this activity:
• Surficial geology (this study): this study includes drift

(surficial and till) prospecting for locating indicator
minerals (gold, base metals, kimberlites) and the documentation of ice-flow indicators. Landsat, RapidEyeTM,
SPOT and WorldView-2TM satellite imagery and a digi-

Figure 1: Location map and bedrock geology of study area, Boothia Peninsula, central Nunavut (geology from de Kemp et
al., 2006).
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tal elevation model (DEM) will be used in the mapping
process.
• Bedrock geology (GSC): following an aeromagnetic
survey flown in 2016, bedrock mapping and geochronology studies were undertaken in 2017 in order to characterize Precambrian and Paleozoic units (SanbornBarrie, 2016a, b; Zhang, 2017), affinity of crust, structural style and economic potential (mineralization). The
area is an underexplored frontier region where knowledge stems from 1963 and 1986 mapping (Blackadar,
1967; Frisch, 2011), without benefit of aeromagnetic
constraints or modern U-Pb geochronology.
• Community engagement: in 2016, the Taloyoak Geoscience Field School was conducted to promote interest
in geoscience. This field school provided northerners an
opportunity to gain a practical overview of the methods
used to gather geological data, and learn about how geoscience data are used for planning and decision-making
(Sanborn-Barrie, 2016b). Rocks and maps from across
Nunavut were used in the field school, which engaged
some 160 Taloyoak community members of all ages.
The scientific perspective complemented the existing
local and traditional knowledge (LTK) of landmarks,
natural materials, topography and travelling routes, in a
way that illustrated how both perspectives can coexist in
a practical way. In 2017, numerous members of the
Taloyoak community were hired to work at the field
camp, as assistant cooks, assistant geologists, bear monitors and assistant camp managers.
The surficial geology component of this work consists of
the collection and analyses of surficial (till) samples, including heavy mineral samples, for geochemical data and
will provide baseline information on the potential for base
metal, gold, gemstone and other commodities in this large,
underexplored area. This sampling program is following
the same methodology used as part of other surficial mapping programs on Melville Peninsula and southern Baffin
Island (Tremblay et al., 2015b, 2016a, b). Field observations of surficial sediments and geomorphological processes were documented. This data was combined with remote sensing image interpretation and earlier mapping
studies to construct an ice-flow history of the study area.

Regional setting
The closest community to the study area is Taloyoak, located on the Boothia Isthmus (Figure 1). The Boothia Peninsula is bounded by Somerset Island in the north, Gulf of
Boothia in the east, Boothia Isthmus to the south and various bodies of water in the west. Three small inlets/bays are
present on the west coast (Wrottesley Inlet, Spence Bay,
Pasley Bay) and two on the east (Thom Bay, Lord Mayor
Bay). The field camp in 2017 was located near Saganak
Lake (Figure 1). The central Boothia plateau is at an elevation of 400–500 metres above sea level (m asl; Figure 2),
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with a maximum elevation of 565 m asl. The lower plains
on the southern, southwestern and northeastern part of the
peninsula are generally <100 m asl (see Dyke, 1984, for a
detailed description of the local physiography). The vegetation is characteristic of mid-arctic, transitional with low
arctic on the plateau, with an abundance of moss, grass,
carex, dryas and other tundra plants, and relatively rare low
shrubs. The climate data from 1981–2010 for two closeby
communities, Taloyoak and Resolute, show daily average
temperatures of –14 and –16°C, average daily temperatures
of 8.4 and 4.5°C in July, and average total water-equivalent
precipitation of 187 and 167 mm/yr., respectively (Environment Canada, 2017). In some places around the peninsula, sea-ice cover disappears late in the summer (August),
and some multiyear sea-ice patches persist through the
summer.
Bedrock geology
The region is underlain by Precambrian Rae Domain rocks
of Archean to Paleoproterozoic age (de Kemp et al., 2006;
Frisch, 2011; Sanborn et al., 2017). Granite, granitic
gneiss, metavolcanic and metasedimentary rocks are found
in the basement rocks (Figure 1). Located on the southwestern and northeastern sides of Boothia Peninsula, Paleozoic
carbonate rocks are mostly grey to yellowish dolomite and
limestone, containing some rounded quartz sand grains
(mainly in a carbonate matrix) and centimetre- to decimetre-scale nodules of white chert (particularly near Netsilik Lake, south of the study area) and quartzitic sandstone
at the base. The age of the sequence is Cambrian to Ordovician and is currently under micropaleontological chronological analysis (Zhang, 2017).
Recent diamond exploration activities have been undertaken approximately 20 km east of Saganak Lake, 70 km
north of Taloyoak, on a mineral exploration property currently owned by Arctic Star Exploration Corp. (Stein diamond project; Indigenous and Northern Affairs Canada et
al., 2015; Arctic Star Exploration Corp., 2017). The presence of kimberlite-indicator minerals in heavy mineral till
samples has been reported for five spatially separate areas
in central Boothia Peninsula (Indigenous and Northern Affairs Canada et al., 2015). Mafic-ultramafic and occasionally altered rocks containing sulphides and showing anomalous concentration in copper, nickel, cobalt, gold and
silver were also prospected in the area north of Thom Bay
(Alookee, 2002; Alookee and Smith, 2005).

Previous work
Surficial geology
Surficial geology studies, including surficial mapping,
geomorphology and sedimentology, were published by
several authors, based on substantial fieldwork conducted
mostly between 1974 and 1982 (Boydell, 1974; Boydell et
al., 1975a, b, 1976, 1984; Tarnocai and Boydell, 1975;
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Figure 2: Maximum marine limit (130–156 m asl in the west, and 215 m asl in the east, from Dyke, 1984) and
glaciolacustrine limits, Boothia Peninsula. Digital elevation model (DEM) from the 0.5 m resolution satellite image stereographic ArcticDEM dataset (DEM created by the Polar Geospatial Center from DigitalGlobe imagery; Polar Geospatial
Center, 2017), completed with 10–30 m resolution CanVec DEM (Natural Resources Canada, 2012). White boxes show
locations of imagery in Figure 5. Elevation of glaciolacustrine levels and channels estimated from CanVec DEM.

Tarnocai and Netterville, 1976; Dyke, 1979, 1980, 1984,
1993; Dyke and Matthews, 1987; Dyke and Morris, 1988).
A map at the scale of 1:500 000 and a complete report on
Quaternary geology was published for Boothia Peninsula
(Boydell et al., 1984; Dyke, 1984). A digitized version of
the map will be republished by GSC in the near future.
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Further fieldwork-based studies, focusing on ice flow, drift
mineralogy and glacial transport, were conducted in the
2000s in the Arrowsmith River area (southeast of the study
area) and the Boothia Isthmus (Ozyer and Hicock, 2005,
2006; Tremblay, 2005; Tremblay et al., 2007, 2009). On the
basis of satellite image interpretation, macroforms, general
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glaciodynamic settings (some cold-based areas) and ice
streams were mapped in the northwestern Canadian Shield
(De Angelis and Kleman, 2005; De Angelis, 2007a, b;
Margold et al., 2015). Regional-scale studies of ice flow in
the greater Boothia Peninsula region show clear relationships between northeast-directed ice flow in the Boothia
Isthmus area and ice stream activity in the Gulf of Boothia
(Dyke, 1984; Dyke and Dredge, 1989).
Glacial transport

Long distances of glacial transport are indicated from studies on carbonate pebbles and carbonate in till matrix from
the study area (Dyke, 1984; Tremblay et al., 2009). Large
dispersal trains, approximately 200 km wide, of carbonate
till were glacially transported from the carbonate outcrops
of the Boothia Peninsula by east- or northeast-flowing ice.
On southern Boothia Peninsula, the concentration of 5–
15 cm sized carbonate pebbles decreases from 75% (40 km
from the Precambrian–carbonate rock boundary) to 25%
(100 km from the contact) in the direction of ice flow
(northeast), indicating relatively low rates of dilution
(Tremblay et al., 2009). Within the trains is a thin, nontopographically constrained ribbon of thicker, more carbonaterich till, coined a midstream plume by Dyke (1984). On
Boothia Peninsula, a strong contrast in till geochemistry
and pebble composition is observed between the shield till
in the central area (mostly the elevated terrain located east
of Pasley Bay) and the carbonate till terrain to the south and
north of the central area (Dyke, 1984). The shield till samples from the central area have 0–10% carbonate content in
the <2 mm fraction, 0% carbonate pebble content in the 2–
5.6 mm fraction, >60% sand content in till matrix, and
<20% silt content in till matrix. The carbonate till samples
have 50–100% carbonate content in the <2 mm fraction,
70–100% carbonate pebble content in the 2–5.6 mm fraction, 0–50% sand content in till matrix, and >40–50% silt
content in till matrix. This information, and associated liquidity limit and plasticity index of the samples, can be
found in Dyke (1984) and are relevant to geotechnical considerations related to infrastructure projects. In the <2 µm
fraction of the central area till samples, geochemical anomalies of >150 ppm for Ni, >150 ppm for Cu, >250 ppm for
Zn and >12 ppm for U were recorded (Shilts and Klassen,
1976; Dyke, 1980, 1984). The carbonate till samples have
geochemical average concentrations of <50 ppm for each
of Cu, Ni and Zn (Dyke, 1984). It is currently uncertain
whether this strong contrast in base metal geochemistry is
solely the reflection of the mixing of regular nonanomalous
shield till with carbonate till as suggested by Dyke (1984),
or an indication of elevated levels of base metals in the underlying bedrock, as mafic rocks are present in the central
part of the study area (Figure 1, metavolcanic rocks; Frisch,
2011).
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Chronology of ice retreat, and marine and
glaciolacustrine levels
Deglaciation occurred relatively early in the study area and
maximum marine limits are among the highest in the region
(from 215 m asl in the east to 130 m asl in the west), the result of rapid deglaciation with intense iceberg calving in the
Lancaster Sound–Gulf of Boothia corridor (Dyke, 1984;
Dyke et al., 2003). An age of deglaciation was estimated using a reservoir effect correction (DR) value of 230 years,
excluding the 410 years correction for Hiatella arctica and
Mya truncata in regional arctic waters (McNeely et al.,
2006), and applied to the maximum marine dates from
Dyke (1984). The age is estimated at 9.00 ±0.13 14C ka in
the northeastern part of study area, 8.56 ±0.10 14C ka in the
eastern part and 8.50 ±0.23 14C ka in the southeastern part.
Therefore, in close accordance with Dyke et al. (2003)
chronology, deglaciation took place between 9 and
8.5 14C ka, equivalent to 10.2 and 9.5 cal. ka. The position
of ice retreat is marked with numerous moraines, esker and
sediments (glaciofluvial, glaciolacustrine and glaciomarine deltas; Dyke, 1984). Additional geochronological
studies detailing chronologies at lower marine levels,
which were consistent with a deglaciation between 9 and
8.5 14C ka, were published later (Dyke et al., 2011).

Results and discussion
In July 2017, helicopter-supported fieldwork was conducted during nine days on Boothia Peninsula from a camp
located near Sanagak Lake, 70 km north of Taloyoak. Numerous geomorphological observations were made from
the ground and from the air, striations were measured at 19
sites, and till samples were taken at 15 sites (2 and 10 kg
samples for geochemical, sedimentological and heavy minerals analyses). Analysis results from till samples will be
published in CNGO’s Summary of Activities 2018.

Glacial geomorphology
Glacial geomorphology was compiled mainly from an earlier surficial geology map (Dyke, 1984), originally mapped
using aerial photographs, sedimentology, field observations and petrographic analysis. Recent regional satellite
image analyses and interpretations (De Angelis, 2007a, b)
assisted in mapping various geomorphological features.
The geomorphological features for the study area are mapped (generally representing features to their actual scales)
in Figure 3, and numerous photos of geomorphological features are presented in Figure 4. A number of features depicted in Figure 3 were added from recent field observations and satellite image interpretations conducted
following the 2017 field season.
The geomorphological features that were mapped are indicative of ice-flow directions (macroforms), the pattern
and trajectories of ice retreat (esker) or the standstill of ice
fronts at certain positions (ice-marginal moraines [Fig-
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Figure 3: Detailed geomorphological features (modified from Dyke, 1984) and glaciodynamic zones, Boothia Peninsula, Nunavut.
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Figure 4: Photographs of geomorphological features in study area, Boothia Peninsula: a) glacially eroded granitic bedrock in warmbased zone terrain; b) megaflutings in warm-based zone terrain, and iceberg scour marks; c) moraines in warm-based zone terrain;
d) deeply eroded glaciofluvial channels dissected on intermediate cold-based zone plateau; e) carbonate till (right) and local granitic till in intermediate cold-based terrain adjacent to warm-based zone plateau; f) glaciolacustrine nearshore deposit (left) and
beach deposit (right), on cold-based zone terrain; g) felsenmeer and weathered regolith on cold-based zone terrain.
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ure 4c], De Geer moraines and ice-contact faces). De Geer
moraines are usually located near the coast, at low elevations. Among the macroforms, the ice-sculpted bedrock
forms (Figure 4a), the product of erosive forces of glaciers
on bedrock, are present as elongated and streamlined features. Macroforms primarily composed of till, such as
drumlins and megaflutings (Figure 4b), and those composed of till and bedrock, such as crag-and-tail features,
were also mapped. Some macroforms (mostly megaflutings or drumlins) were mapped on the sea floor, based on
the interpretation of high-definition multibeam data, collected from the Canadian Coast Guard Ship Amundsen during multiple expeditions (Ocean Mapping Group, 2013).
The glacial lineation symbols on Figure 3 indicate linear,
sometimes streamlined landforms observed from satellite
images, thought to be of subglacial origin, sometimes
>10 km in length. On the ground, these landforms commonly appear as zones of slightly thicker or finer grained
patches of till, relative to surrounding boulder fields, till or
thin till areas. These linear forms are not necessarily drumlins, in the sense that they are not always elevated relative to
their surroundings; they are mostly two-dimensional (2-D)
landforms (including carbonate till plumes and noncarbonate till plumes), as opposed to three-dimensional (3D) landforms such as drumlins. The comparison of satellite
images (SPOT 6) and the ArcticDEM can help to distinguish between which macroforms are 2-D and those that
have a topographic importance (3-D; see Figure 5). The
glacial lineations were subdivided into those formed in
mostly carbonate till (Figure 4e), and those formed in
mostly noncarbonate till (pure shield till).
Ice-marginal and proglacial glaciofluvial sediments were
mapped from Dyke (1984). Eskers were also mapped, and
are landforms that typically occur as elongated, sinuous
ridges of sand and gravel. The orientation of these landforms was mapped from Dyke (1984), and sometimes the
orientation does not conform to the last important ice flow,
indicating some sluggish, cold-based ice was present at the
margin of the fast-retreating ice front. The ice-marginal
moraines contain sediments ranging from ice-pushed diamicton (in the form of small ridges) to glaciofluvial sediments (Figure 4c).

Glaciodynamic zones
Glaciodynamic zone mapping aims to interpret the amount
of glacial activity (erosion and transport) that took place
during the Quaternary period (Figure 3). The mapping system used is similar to that used for several past CNGO projects (Tremblay et al., 2011, 2013, 2014, 2015a; Tremblay
and Paulen, 2012; Johnson et al., 2013; Tremblay and
Leblanc-Dumas, 2013, 2015). This methodology was developed after initial work by the author on Melville Peninsula, and includes concepts from the central Canadian Arctic (Dyke, 1993), Melville Peninsula (Dredge, 2000) and
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Baffin Island (Sugden and Watts, 1977; Sugden, 1978;
Dyke et al., 1982). The mapping is based primarily on observations made during fieldwork and interpretation of
airphotos, DEMs and satellite images. Cosmogenic samples (Ross et al., 2015) and mineralogical data (LeblancDumas et al., 2015) from Hall Peninsula emphasize the distinction between the till from glacially eroded terrain, and
the regolith and till mixed with regolith from less glacially
eroded terrain (Tremblay et al., 2015a), which can assist in
mapping the glaciodynamic zones.
The cold-based zone and intermediate cold-based zone on
the central part of northern Hall Peninsula are shown on
Dyke’s (1984) map as a combination of till blanket and
boulder fields, associated with a particularly high concentration of glaciofluvial channels. The warm-based ice zone
covers most of the study area and is evidenced by glacial
scouring (e.g., numerous small lakes and glacially eroded
outcrop). This zone was mapped as mostly bedrock outcrop
and till on Dyke’s (1984) map.
Cold-based zone
Cold-based zones represent areas where glacial erosion
was weak or absent (Figure 5a, b). The surface sediment
originates from at least the last interglacial period and is
composed of in situ bouldery diamictic material (Figure 4d,
e), which might have been minimally transported by glaciers. Some very rare carbonate erratics were found on top
of this material, and it is believed that they were transported
englacially or supraglacially during a Quaternary glaciation. In many places, ice-marginal parallel channels are incised into this terrain, and associated with subaerial or marginal meltwater sediments and landforms. Meltwater
channels are deeply incised (Figure 4d), sometimes between glacial lakes, sometimes more marginal, and they obviously took several glaciation/deglaciation cycles to form.
Outcrops are moderately to extensively weathered, often
exhibiting millimetre- to centimetre-scale differential
weathering of minerals and/or lithologies. Striae are largely
nonexistent. Landscape features include a rarity (or absence) of small lakes, and dendritic river drainages are
dominant over deranged river systems. The cold-based
zone is controlled by topography, being mostly situated on
the portion of the Boothia highlands located east of Pasley
Bay, in the up-ice area (relative to the dominant northeast
ice flow). The lithological and structural grain of the bedrock, as observed on the bedrock aeromagnetic map (Coyle
et al., 2016), is not reflected in the cold-based terrain topography. One of the most prominent features, which are also
not noticeably associated with bedrock features, are a few
large rounded bedrock hills that protrude from the otherwise flat plateau. These features are believed to be barely
glacially eroded remains of inselbergs (Figures 4g, 5b),
which are large isolated bedrock hills located on plateaus
affected by long-term denudation. They are typically found
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Figure 5: Imagery showing various geomorphological settings in the study area, Boothia Peninsula. Locations shown on Figure 2. a) SPOT 6 image of cold-based zone terrain; b) ArcticDEM image of cold-based zone terrain; c) SPOT 6 image of intermediate cold-based zone terrain and glaciolacustrine sediments; d) ArcticDEM image of intermediate cold-based zone terrain and
glaciolacustrine sediments; e) SPOT 6 image of warm-based zone terrain and glaciolacustrine sediments; f) ArcticDEM image
of warm-based zone terrain and glaciolacustrine sediments. SPOT 6 images, with resolution of 1.5 m for panchromatic and 6 m
for multispectral (infrared 0.76–0.89 µm; infrared composite pan-sharpened), © 2016 Airbus Defence and Space, licensed by
Planet Labs Geomatics Corp. (Airbus Defence and Space, 2016). Digital elevation model (DEM) from the 0.5 m resolution ArcticDEM dataset (DEM created by the Polar Geospatial Center from DigitalGlobe imagery; Polar Geospatial Center, 2017).
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in Africa and Australia (Twidale, 1962) but also in northern
Sweden and Finland (Ebert et al., 2012). Approximately
200 km north of the inselbergs on Boothia Peninsula, tors
have been identified on Somerset Island (Dyke, 1976), indicating limited glacial erosion of the pre-Quaternary bedrock surface. Cosmogenic analysis of samples collected on
the inselberg bedrock surface on Boothia Peninsula this
year and on the tor bedrock surface on Somerset Island in
2018 will help to understand the recent erosion rates related
to those landscape features.
Intermediate cold-based zone
The intermediate cold-based zone represents a transition
zone, where at least one or more of the aforementioned criteria for cold-based glaciation are absent. It approximately
corresponds to the areas mapped as a combination of till veneer, bedrock and boulder fields on Dyke’s (1984) map,
and to the area that was mapped as a cold-based zone by De
Angelis and Kleman (2005). The intermediate cold-based
zone is interpreted to be an area where glacial erosion gradually became more marked as evidenced by more lakes and
bedrock outcrops, and ultimately with the appearance of
streamlined outcrops and macroforms. Carbonate tills,
with up to 20–30% carbonate in the till matrix, occur in the
intermediate cold-based zone on Boothia Peninsula (Figure 4e). Some of this material might have been transported
englacially or glacially but the amount of associated glacial
erosion is visibly limited and possibly occurred incrementally during several glaciations. This is an uncommon
feature, compared to Hall and Melville peninsulas
(Tremblay et al., 2009, 2014, 2016a), where almost no Paleozoic carbonate is found in the intermediate cold-based
till matrix.
Warm-based zone
The warm-based zone landscapes (Figure 5e, f) display
signs of significant glacial erosion, like streamlined outcrops and bedrock hills (Figure 4a), and 3-D macroforms
(drumlins, flutings; Figure 4b). Carbonate till is common in
this zone, the exception being the down-ice (eastern) portion of the Boothia highlands, where glacial erosion is important but no carbonate till is found. The boulder cover is
variable.

The study area is located more than 300 km north of the
Keewatin Ice Divide. The regional scheme of ice flow was
influenced by an ice shelf, which was located in Lancaster
Sound (to the northeast) and later in the Gulf of Boothia (ice
flow phases 2 and 3). Dyke (1984) proposed that this ice
shelf impacted the interior of the ice sheet, drained the ice
and pulled down the ice sheet profile. The ice sheet converged toward the ice shelf edge, where glacier ice was
downwasted as icebergs.
The ice stream in the Gulf of Boothia and Lancaster Sound
was probably initiated after the last glacial maximum
(LGM), as indicated by chronological evidence of a Late
Wisconsinan–Holocene age for the Navy Board Inlet moraines on Baffin Island, to the northeast of the study area
(Dyke and Hooper, 2001; Dyke et al., 2003). In the Committee Bay area, south of the study area, northeast ice flow
was directed toward the Gulf of Boothia–Lancaster Sound
ice stream and postdates northward–oriented ice flow,
which is hypothetically attributed to the LGM (McMartin
et al., 2003).
Ice-flow phase 1 was directed to the north-northeast, and
correlates with the phase 1 northward ice flow in Tremblay
et al. (2007), which flowed from the Keewatin Ice Divide. It
was probably weak over the Boothia highlands, and some
carbonate debris found there might have been transported
englacially or supraglacially during this ice-flow phase.
Ice-flow phase 2 was directed toward the northeast, and
correlates with the phase 2 northeast ice flow in Tremblay
et al. (2007). The increasing presence of the Gulf of
Boothia–Lancaster Sound ice stream pulled the ice toward
the northeast, probably during deglaciation. Ice-flow phase
2 is characterized by abundant megaflutings developed in
fine-grained carbonate till. The ice was flowing from the
McClintock Ice Divide located west of study area (Dyke,
1984; Tremblay et al., 2007; Ozyer, 2011) and/or from the
Keewatin Ice Divide located south of study area (Hodder et
al., 2016).
Ice-flow phase 3 was directed toward the west, and has no
equivalent south of the study area. It is indicated by numerous macroforms and a few striations in the study area. This
ice-flow phase could indicate an eastward migration of the
McClintock Ice Divide.

Ice-flow chronology
A synthesis of ice-flow chronology for Boothia Peninsula
is presented on Figure 6. It is based on striations (new measurements at 19 sites and from Dyke, 1984) and macroforms (Figure 3), and is drawn in continuity with ice-flow
chronology in Tremblay et al.’s (2007) study to the south of
the study area. It is also based on several recent regional
studies of ice-flow indicators and ice streams (De Angelis
and Kleman, 2005, 2008; Shaw et al., 2010; Margold et al.,
2015).
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A few local, late ice flows were observed, mostly evidenced
by striations converging toward Lord Mayor Bay. They
correlate with local, late ice flows in Tremblay et al. (2007).

Other geomorphological observations
Numerous glacial erratics of Chantrey Group rocks were
found in the area west of Sanagak Lake (Figure 1). One purple, subrounded, Chantrey Group metapelite was found at
one location and several orthoquartzites (purple, white,
pink, grey) were found in another location (Figure 1).
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Figure 6: Striations (with age relationships, 1 is the oldest), ice-flow lines, simplified geomorphological features (modified from Dyke,
1984) and glaciodynamic zones of Boothia Peninsula. Dotted ice-flow line indicates weaker ice flow.
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These rock types are similar to those found in the area south
of the Boothia Isthmus (Tremblay et al., 2007, 2009). The
subrounded shape of the metapelite, a relatively soft rock,
indicates some moderate amount of glacial transport; this
observation, together with the grouping of the lithologies,
indicates a moderately local source (in the range of 5–
25 km), as opposed to a very far source (>100 km). However, no Chantrey Group rocks are mapped in the area; it is
believed that unmapped outcrops of this rock group are
concealed by thick till in this area.
Glaciomarine iceberg scour marks were found on several
drumlins in the lowlands north of Taloyoak (Figure 4b).
The scour marks are crisscrossing, a few metres wide and
often more than 1 km long. They are similar to those frequently observed in multibeam sonar bathymetric images
of arctic sea floors (Ocean Mapping Group, 2013). Iceberg
scour marks are reported on the land in several places in
central Canada, notably at the former sites of glacial Lake
Ojibway (Dionne, 1977), glacial Lake Agassiz (Teller and
Clayton, 1983) and the Champlain Sea (Delage and
Gangloff, 1993).

Glaciolacustrine levels
The general contours of glacial lakes, the locations of main
outflow channels and the associated main ice front locations are mapped on Figure 2. A few glacial lake indicators
(mostly beaches and deltas) were mapped by Dyke (1984).
This study includes detailed mapping of many more glacial
lakes, using fieldwork observations and SPOT 6 and
ArcticDEM image interpretation. The thickness of nearshore and offshore sediments is unknown, but fieldwork
observations suggest a thickness of >1 m in the centre of the
largest glaciolacustrine basin located northeast of Pasley
Bay. The glacial lake contours on Figure 2 were mostly
mapped based on the presence of abundant vegetation, an
indicator of finer grained soils, and wave-washed lags,
beaches and deltas (Figure 5a–d). The elevations of the glacial lakes were between 445 and 180 m asl, and were controlled by the position of channels at the external margin of
the lakes and by the position of channels located between
the lakes and the glacier margin. Important lake draining
events occurred when lake levels were at 285 m asl in the
south and 270 m asl in the north. Several luminescence
samples were taken from glaciolacustrine deltas to date the
drainage timing of those lakes, following a similar study on
Baffin Island (Tremblay et al., 2017).

Economic considerations
The results and interpretation of this surficial geological
mapping and sampling program can be used for mineral exploration, development of natural resources and infrastructure, and aiding environmental geochemical studies in the
study area. Analysis of the geochemical and mineralogical
data from the surficial sediment samples will indicate the
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potential prospect for diamonds, base metals (copper,
nickel, zinc), precious metals (gold, silver, platinum, palladium), rare earth elements and gemstones in the region. Understanding ice-flow direction and important geomorphological processes are critical to interpreting the
geochemical analyses and mineralogical data from surficial
sediments. The geochemical data from this project will provide important baseline data for future mineral exploration
and possible development in the area, as well as for infrastructure studies (permafrost conditions, granular aggregate sources). Another outcome for the Boothia Peninsula–
Somerset Island Activity is to provide an opportunity for
the local community to learn about the local geology and
prospectivity of the rocks in the region.

Conclusions
New field work and remote sensing observations allowed
refinement of previous surficial geology ideas regarding
several aspects:
• an ice-flow history with three main phases was synthesized from fieldwork and remote sensing interpretation,
notably the 5 m resolution ArcticDEM (Polar Geospatial Center, 2017);
• 2-D and 3-D macroforms were observed;
• cold-based and intermediate cold-based zones were
identified;
• inselbergs were observed in the cold-based zone;
• till samples were taken for evaluating mineral prospectivity (geochemical and heavy minerals analyses);
• glaciolacustrine sediments and channels were described
over an area of approximately 1500 km2;
• iceberg scour marks were noted on drumlins in the lowlands; and
• Chantrey Group metapelite and orthoquartzite pebbles
were found in till, which suggest unmapped outcrops of
these rocks.
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