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Abstract

This study is part of the Canada-Nunavut Geoscience Office’s Hall Peninsula Integrated Geoscience Program, a multiyear
bedrock and surficial geology mapping program with associated thematic studies. Hall Peninsula, southeastern Baffin Is-
land, has a very complex record of glaciation because 1) most ice-flow indicators reflect the dynamics of the latest, topo-
graphically controlled ice; and 2) there are extensive regions that lack evidence of glacial erosion, despite the undoubted
complete ice cover of the peninsula during the last glaciation. Drift prospecting in this glaciated terrain is therefore compli-
cated due to difficulties in predicting erosion and transport distances of ore-bearing glacial drift. The objectives of this pro-
ject are to map the surficial geology, improve knowledge of the glaciodynamics, and characterize the ice content and thaw
properties of the permafrost in Hall Peninsula. In particular, the presence of regolith, felsenmeer and weakly eroded bedrock
outcrops suggest that cold-based glaciers have covered the central part of the region during the Late Pleistocene. In summer
2012, detailed mapping, helicopter-supported and foot-traverse field surveys, and sampling were completed in a 2100 km2

area that is representative of this surficial zone, which is found throughout the central plateau of the peninsula. The central
part of the study area is surrounded by a transition zone where surficial material is composed of a mixture of regolith and gla-
cial sediment. Field observations documented regolith with variable thickness, ranging from >3 m on the plateau to 0 m at
the base of meltwater channel gorges. The regolith covers an area of approximately 50 km2 and is characterized on satellite
imagery by its white colour. The plateau is locally covered with extensive ice marginal moraines. The timing, extent and dy-
namics of late glacial ice and younger readvances, represented by these moraines, is presently poorly resolved. It was possi-
ble to establish that the most abundant striation set is perpendicular to the moraines and therefore correlative with their de-
position. Till lithological and geochemical analyses and high resolution mapping will help in reconstructing ice-flow
patterns and transportation distances of the till. Additionally, two, frozen, 1.2 m long, permafrost cores were extracted intact
from the regolith cover, in the central part of the study area, to determine its particular properties. This glacial geology study
supports the search for economic minerals in the region, and the permafrost characterization will be useful for land manage-
ment related to infrastructure development.

Résumé

Cette étude fait partie du Programme géoscientifique intégré de la péninsule Hall, du Bureau géoscientifique Canada-
Nunavut, un programme pluriannuel de cartographie du substratum rocheux et de la géologie de surface accompagnée
d’études thématiques connexes. La péninsule Hall, située au sud-est de l’île de Baffin, présente une histoire de glaciation
très complexe car : 1) la plupart des indicateurs d’écoulement glaciaire reflètent la dynamique de la plus récente couverture
glaciaire, contrôlée par la topographie, et 2) il existe de vastes régions dénudées de traces de l’érosion glaciaire, malgré le
fait que la péninsule ait manifestement été recouverte entièrement au cours de la dernière glaciation. La prospection glacio-
sédimentaire dans ce terrain glaciaire est donc compliquée en raison de difficultés à prévoir les distances d’érosion et de
transport des dépôts glaciaires minéralisés. Les objectifs de ce projet sont les suivants : cartographier la géologie de surface,
améliorer l’état des connaissances au sujet de la glacio-dynamique et caractériser la teneur en glace et les propriétés de dégel
du pergélisol de la péninsule Hall. La présence de régolite, de felsenmeer et d’affleurements rocheux faiblement érodés
semble indiquer notamment que les glaciers à base froide ont recouvert la partie centrale de la région au cours du Pléistocène
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tardif. À l’été 2012, une cartographie détaillée, appuyée par des levés effectués par hélicoptère et à pied sur le terrain, ainsi
que des travaux d’échantillonnage ont été réalisés sur une superficie de 2 100 km2 qui est représentative de cette zone
superficielle, que l’on retrouve partout sur le plateau central de la péninsule. La partie centrale de la zone d’étude est
entourée par une zone de transition où les matériaux de surface sont composés d’un mélange de régolite et de sédiments
glaciaires. Les observations sur le terrain ont documenté un régolite d’épaisseur variable, allant de > 3 m sur le plateau à 0 m
à la base des gorges des chenaux d’eau de fonte. Le régolite couvre une superficie d’environ 50 km2 et se caractérise sur
l’imagerie satellitaire par sa couleur blanche. Le plateau est recouvert par endroits de moraines marginales glaciaires
étendues. La cadence, l’ampleur et la dynamique de la glace de glacier tardive et des récurrences plus récentes, représentées
par ces moraines, sont actuellement mal comprises. Il a été possible d’établir que l’axe de la série de stries la plus abondante
est perpendiculaire aux moraines et donc corrélatif de la mise en place de ces dernières. Les analyses lithologiques et
géochimiques du till et la cartographie haute résolution contribueront à la reconstitution des régimes d’écoulement glaciaire
et des distances de transport du till. En outre, deux carottes congelées de pergélisol, de 1,2 m de longueur, ont été extraites
intactes de la couverture de régolite dans la partie centrale de la zone d’étude en vue d’en déterminer les propriétés
particulières. Cette étude de la géologie glaciaire vient appuyer la recherche de minéraux économiques dans la région et la
caractérisation du pergélisol sera utile pour la gestion des terres dans le cadre du développement des infrastructures.

Introduction

The Hall Peninsula Integrated Geoscience Program
(HPIGP) is being led by the Canada-Nunavut Geoscience
Office in collaboration with the Government of Nunavut,
Aboriginal Affairs and Northern Development Canada,
Dalhousie University, University of Alberta, Université
Laval, University of Manitoba, University of Ottawa, Uni-
versity of Saskatchewan, Nunavut Arctic College and the
Geological Survey of Canada. It is supported logistically
by several local, Inuit-owned businesses. The study area
comprises all or parts of six 1:250 000 scale National Topo-
graphic System map areas north and east of Iqaluit (NTS
025I, J, O, P, 026A, B).

In the summer of 2012, fieldwork was conducted in the
southern half of the peninsula (NTS 025 I, J, O, P) between
June 22 and August 8. Fieldwork was supported by a 20–25
person camp located approximately 130 km southeast of
Iqaluit. The focus was on bedrock mapping at a scale of
1:250 000 and surficial-sediment mapping at a scale of
1:100 000. A range of thematic studies was also supported.
This included Archean and Paleoproterozoic tectonics, geo-
chronology, landscape uplift and exhumation, detailed
mapping in mineralized areas, microdiamonds, sedimen-
tary rock xenoliths and permafrost. Summaries and prelim-
inary observations for all of these studies can be found in
this volume.

Research based on airphoto interpretation and fieldwork on
Hall Peninsula was conducted by Andrews (1972, 1979,
1985) and Miller (1974, 1980, 1985, 2002) to reconstitute
the glacial and relative sea level history of the region. Two
principal moraines, Hall moraine and Frobisher Bay mo-
raine, were mapped on the Hall Peninsula plateau by Miller
(1980). The Hall moraine was dated at 9500 BP by radio-
carbon analysis of shell fragments collected on glacio-
marine deltas associated with the moraine (Stravers et al.,
1992) and the Frobisher Bay moraine was dated at 8230 BP

using radiocarbon dating on shells collected directly on the
moraine (Blake, 1966). Both moraines are associated with
late readvances of the Laurentide Ice Sheet and are directly
in contact with proglacial lake systems, deltas and shore-
lines. Based on the observation of deeply weathered errat-
ics, felsenmeer (an exposed rock surface that has been af-
fected by freeze and thaw action causing its fracturing) and
advanced soil development above elevations of 350–
450 m asl on Hall Peninsula, Miller (1980) proposed the
possibility that the plateau region may have been ice free
during the last interstadial prior to late Wisconsinan glaci-
ation (i.e., oxygen isotope stage 3). No fieldwork has been
conducted in the central part of the peninsula to test this hy-
pothesis.

During summer 2011, exploratory fieldwork, conducted
85 km northeast of Iqaluit (Figure 1) by the Canada-
Nunavut Geoscience Office (CNGO), verified a wide, red
and highly weathered regolith zone, which could be related
to weakly eroding or no ice on that part of the peninsula.
Regolith is a product of the weathering of underlying bed-
rock forming an unconsolidated soil on the surface. In tem-
perate and warm regions, weathering is generally produced
by chemical action, such as water percolation that affects
the mineral composition of the rock over time, but in cold
regions it can also be caused by mechanical processes, such
as freeze-thaw cycles. The presence of the regolith, as well
as felsenmeer and weakly eroded bedrock outcrops, sug-
gests that cold-based glaciers could have covered this par-
ticular region of central Hall Peninsula (Sugden, 1978),
providing an alternative to the previous hypothesis. The
term cold-based refers to an internally flowing glacier that
is frozen to its substrate. Cold-based ice is weakly (or non)
erosive, so sediment will not be entrained and transported
whereas warm-based ice will erode, produce evidence of
ice flow (striations and till dispersion records), and provide
sediment to construct ice marginal moraines. Also, dry
cold-based thermal regimes tend to occur under thin ice
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cover (allowing geothermal heat loss) or immediately un-
der ice-flow divides or domes with there is no net ice flow,
whereas wet warm-based conditions occur under thick ice
or where ice is converging or where ice flow is significantly
fast to contribute subglacial frictional heating.

In July 2012, based on this exploratory work, a detailed
study of a 60 by 35 km area within this relatively highly
weathered plateau zone was completed. This paper pres-
ents the main objectives and preliminary results of this
study.

Objectives

This research has two main objectives. The first one is to
better understand the glaciodynamic history of the region
by mapping the surficial geology, determining the main di-
rections of ice flow and identifying the regional limits be-
tween the cold- and warm-based regimes of the ice sheet
over the region. This objective will help test the two hy-
potheses. The second objective is to explore the character-
istics of permafrost in highly weathered bedrock. The pur-
pose of this work is to support mining exploration by
improving knowledge about glacial transport of sediments
during the last glaciation and to better understand issues as-
sociated with infrastructure development, such as the con-
struction of transportation routes in central Hall Peninsula.

Preliminary results

Sample collection

Surficial mapping, from interpretation of remotely sensed
imagery and airphotos, as well as helicopter-supported and
foot-traverse field observations were completed in summer
2012. In total, 35 sediment samples were collected in the
study area (Figure 2). Grain-size analysis on different types
of sediment samples will determine the size distribution
and sorting of the different deposits, such as till, glacio-
lacustrine, glaciofluvial and more recent deposits. Heavy
mineral analyses on 16 till samples will help identify the
composition of the bedrock up ice. Ten bedrock samples
were also taken for heavy mineral analysis. Geochemical
analyses will be done on all 16 till and 11 regolith samples
and will consist of iron and aluminum extraction by leach-
ing. The composition of the regolith will be compared with
the mineral composition of samples collected from the bed-
rock, which will indicate whether the regolith has been
transported from an external source or if it comes from in
situ alteration. Electronic scanning microscope (ESM) im-
aging of sand grains from till samples will be performed to
verify the presence of shock marks on glacially transported
material; similarly ESM imaging on the iron oxidized frac-
tion of the regolith samples shall verify the presence of
traces of chemical weathering on mineral grains. Finally,
X-ray diffractometry on the oxidized ferric clay portion of
the regolith samples will provide information on the crystal
structure of the altered mineral. Two permafrost cores were
also extracted from the regolith for analysis, such as ice
content, active layer thickness and liquidity and plasticity
limits.

Moraine

On the west side of the study area, there is a moraine ridge
that averages 15 m high and 150 m wide (Figure 2). It repre-
sents a part of the Frobisher Bay moraine which, based on
Blake’s mapping (Blake, 1966), extends 150 km from Fro-
bisher Bay to the head of Cumberland Sound. This moraine
was formed during a minor readvance of the Laurentide Ice
Sheet (Miller, 1985) around 8230 BP. An important con-
centration of lakes at the surface of the terrain and the pres-
ence of deltas almost directly in contact with the moraine
was noted during 2012 fieldwork. The concentration of
lakes around the moraine is an indicator of the thermal re-
gime beneath the glacier, which in this case was a zone of
transition between cold-based and warm-based glacier
beds (Sugden, 1978). The deltas, reaching heights of 25 m,
reflect the fast rate of deglaciation in the region. The dip di-
rection of the foreset beds in the deltas provides informa-
tion about the direction of meltwater flow draining into
Cumberland Sound, as was predicted by Miller (1985). The
presence of glaciolacustrine deposits next to the deltas and
the moraine could be explained by the presence of a pro-
glacial lake.
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Figure 1: Location of study area, central Hall Peninsula, Baffin Is-
land, Nunavut.



Ice-flow directions

In the study area, glacial striations were observed in only
five locations (Figure 3), owing to the dominance of weath-
ered and weakly polished bedrock surfaces. Based on pre-
liminary interpretations, the striations correspond to the
ice-flow directions during ice-retreat phases. Most pol-
ished and striated outcrops were found outside the regolith
zone on the shores of rivers and lakes where fresh bedrock
surfaces are present. The area seems to have been affected
by two, possibly three, different ice flows. The striations
collected are mostly directed toward the east and southeast,
generally perpendicular to the moraine located south of
McKeand River (Hall moraine) and to the nearby portion of
the Frobisher Bay moraine.

Regolith

The central part of the study area is covered by 1–3 m of re-
golith forming a wide plateau with low relief. This regolith
zone is readily distinguished on imagery and from the air by
its light colour (Figures 2, 3) and is interpreted to be related
to a region that has not been covered by actively eroding ice
during the last (Wisconsinan) glaciation. This regolith is
red, primarily due to geochemical alteration. Deep weath-
ering of bedrock likely occurred under warmer climate con-
ditions, during interglacial periods or even before. How-
ever, the presence of rare erratic boulders on the surface of
the regolith and the large size of the ice sheet, as deduced
from its offshore extension (Miller, 2002), indicate that the
whole region was covered during the last glaciation. A
glaciofluvial channel shows how water carved into this in
situ material, eroding the regolith to bedrock (Figure 4).

This can be viewed as evidence that chemical alteration
preceded the Wisconsinan glaciation on Hall Peninsula.
The regolith areas were thus recently covered by cold-
based, noneroding ice. The central regolith zone is sur-
rounded by an outer zone covered by a mixture of regolith
and till, which represents a transition between regions of
actively eroding ice and regions of nonactively eroding ice.
This transition is further correlated with the presence of a
progression from rare, periglacially affected bedrock out-
crops (felsenmeer) to progressively more abundant, gla-
cially scoured and/or polished bedrock outcrops. Those
two characteristics, the importance of the bedrock erosion
and the proportion of regolith and till can represent a grad-
ual transition between cold-based and warm-based basal
thermal regimes under the last ice sheet.

Permafrost

Two, 1.2 m long, permafrost cores were extracted from the
regolith cover in the central part of the study area (Fig-
ure 5). During the extraction at the end of July 2012, the
thaw front was reached at approximately 1.1 m below sur-
face in both excavations. Continuous frozen cores were ex-
tracted down to an average depth of 2.3 m below surface in
what seems to be a transition zone where the bedrock grad-
ually becomes less weathered. This suggests that, as pro-
posed, the regolith material originates from in situ weath-
ered bedrock and was not eroded or transported by glacial
ice, thus supporting the cold-based ice hypothesis. Perma-
frost analyses, such as ice content, active layer thickness
and liquidity and plasticity limits, will be completed in or-
der to assess soil behaviour in areas of permafrost thawing.
This information will support possible future infrastructure
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Figure 2: Location of sediment samples, central Hall Peninsula, Baffin Island, Nunavut.



construction due to mining industry expansion in the re-
gion.

Future studies

This work shall help to better define the transitions between
weathered and glacially affected zones, i.e., to establish the
boundaries between regions dominated by cold-based and
warm-based glacial ice covers. Using the findings of this
field study, it may be possible to reliably map these zones
from satellite and airborne imagery. More fieldwork will be
necessary to either confirm or to further improve the pre-
liminary glaciodynamic model.

The geochemical and heavy mineral analysis that will be

done on till and regolith samples will help clarify prelimi-

nary interpretations. The regolith so far remains a poorly
studied type of permafrost material.

Conclusion and economic considerations

This project will result in an improved, more detailed,
1:20 000 surficial geology map and a better understanding
of the Pleistocene ice dynamics on Hall Peninsula. Proper-
ties of the permafrost, such as water content, thickness of
active layer and liquidity and plasticity limits, in the rego-
lith of central Hall Peninsula, north of Iqaluit, will be better
known. Therefore, it will be possible to evaluate the im-
pacts of possible thawing caused by climate change or engi-
neered works. Fieldwork done during summer 2012 has led
the authors to postulate that the central part of the study area
was locally covered by cold-based ice during the last gla-
cial advance. This implies that the material covered by
cold-based ice in the central part of the peninsula was not
transported during glaciation. In these cold-based ice re-
gions, the minerals found in till come from in situ alteration
of the underlying bedrock rather than from a source up ice.
Drift prospecting in this glaciated terrain is therefore com-
plicated due to difficulties in predicting erosion and trans-
port distances of ore-bearing glacial drift. Knowing the ex-
act limits of cold-based ice will facilitate drift prospecting.
The results of this research shall provide a better under-
standing of the glaciodynamic settings that have affected
Baffin Island during the Quaternary. This glacial geology
study supports the search for economic minerals in the re-
gion and permafrost characterization will be useful for land
management related to future infrastructure development
by mining companies.
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Figure 3: Measured striation directions, central Hall Peninsula, Baffin Island, Nunavut.
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Figure 5: Portion of permafrost core extracted in central Hall Peninsula, Baffin Island,
Nunavut. Scale in centimetres.


