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Abstract
This paper presents field observations made in 2018 of extrusive and shallow intrusive mafic rocks in and around the Fury
and Hecla Basin of northwestern Baffin Island, Nunavut (parts of NTS 47D–F). Pillow basalts and flows were identified
within the Nyeboe Formation of the Fury and Hecla Group. They are likely related to the Mesoproterozoic Mackenzie igneous event dated at ca. 1268 Ma. The Hansen Formation comprises fine- to medium-grained mafic rock and has a debated
emplacement history as either a flow or a sill. The intrusions of the Fury and Hecla Group consist of the Dybbol sill and
mafic dykes. The intrusions crosscut the Archean basement rocks and the Mesoproterozoic stratigraphy, and are tentatively
ascribed to the Franklin igneous event (723–718 Ma). The dykes strike to the southeast, similar to most of the dykes documented across Baffin Island.

Résumé
La présente communication fait état des observations de terrain recueillies en 2018 au sujet des formations mafiques
extrusives et intrusives à faible profondeur situées au sein du bassin de Fury et Hecla et des régions environnantes (feuillets
47D à F du SNRC) du nord-ouest de l’île de Baffin. Des laves en coussins et coulées volcaniques de basalte ont été
identifiées dans la formation de Nyeboe du groupe de Fury and Hecla. Ces dernières ont été liées à l’évènement magmatique
de Mackenzie datant du Mésoprotérozoïque survenu il y a environ 1268 Ma. Les roches mafiques de Hansen, de granulométrie fine à moyenne, ont une origine de formation débattue, assimilées soit à un filon-couche ou à une coulée volcanique.
Les intrusions du groupe de Fury and Hecla sont composées du filon-couche de Dybbol et des filons mafiques, recoupent le
socle archéen et la stratigraphie Mésoprotérozoïque et sont assimilées à l’évènement magmatique de Franklin (723–
718 Ma). Les filons mafiques sont orientés sud-est, tout comme la plupart des dykes de l’île de Baffin.

Introduction
A new geological mapping program began on northwestern
Baffin Island, north of Fury and Hecla Strait, during the
summer of 2018 (Steenkamp et al., 2018). The mapping
program is co-ordinated by the Canada-Nunavut Geoscience Office in collaboration with the Université du Québec à Montréal, McGill University and Laurentian Univer-

sity, and comprises all or parts of NTS map areas 37C, F,
47C–H and 48A.
This mapping project updates previous regional mapping at
1:500 000 scale (Blackadar, 1970), and builds on previously published 1:125 000 scale mapping of the Fury and
Hecla Basin (Chandler, 1988). The goal of the mapping
project is to increase the understanding of the overall geo-
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logical history of the Archean basement, Paleozoic carbonate rocks and Quaternary surficial glacial deposits in the
mapping area as well as refining the stratigraphy of the
Fury and Hecla Group and the timing of mafic magmatism.
The project will also help evaluate the resource potential
for this area in light of proven iron resources associated
with the banded iron formations of the Mary River Group
(MacLeod, 2012).
This paper presents a summary of the geology of the mafic
extrusive and intrusive rocks observed in part of the Fury
and Hecla Basin (parts of NTS 47D–F) during the first year
of the Fury and Hecla Geoscience Project. Herein, new
field observations of the Nyeboe and Hansen formations
(Mesoproterozoic formations), and the mafic dykes and
Dybbol sill (Neoproterozoic intrusions) are presented. The
descriptions provided for the Nyeboe and Hansen formations pertain to the volcanic rocks in the Fury and Hecla
Strait area. These rocks are believed to be related to mafic
volcanic rocks found in the other Bylot basins. However,
the descriptions of the Neoproterozoic intrusions in this
study area provide new geological data, linking the intrusions to similar Neoproterozoic intrusions and magmatism
observed in the Canadian Arctic Archipelago.

Geological setting
The Fury and Hecla Basin lies north of Fury and Hecla
Strait on Baffin Island and is interpreted to be one of the
Mesoproterozoic Bylot basins (Fury and Hecla, Borden,
Thule and Hunting–Aston basins), which are a series of extensional basins related to the ca. 1268 Ma Mackenzie igneous event (LeCheminant and Heaman, 1989; Long and
Turner, 2012). Grabens associated with the Borden Basin
have been interpreted as aulacogen structures that led to
failed oceanic rifting (Jackson and Iannelli, 1981). However, no evidence of similar aulacogen structures have been
found in the Fury and Hecla Basin (Chandler, 1988).
LeCheminant and Heaman (1989) proposed that magmatism associated with the Mackenzie igneous event was initiated by plume-generated asthenosphere melting followed
by rift propagation of this opening. In this model, the Bylot
basins are considered to have formed as crustal sag-basins
500–1200 km away from the Mackenzie plume centre. Alternatively, the Bylot basins have recently been interpreted
as distal impactogens generated by the continent–continent
collision of the 1100 Ma Grenville orogeny, some 2000 km
to the south (Long and Turner, 2012; Turner et al., 2016).
Recently acquired Re-Os radiometric dates of ca. 1050 Ma
for deposition of black shales in the middle Bylot Supergroup indicate that much of the stratigraphy postdates Mackenzie magmatism by at least 150 m.y., implying that the
Borden Basin and the other Bylot basins were long-lived
and experienced multiple stages of subsidence (Gibson et
al., 2018).
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The first description of the sedimentary, volcanic and basement units of the Fury and Hecla Basin was provided by
Blackadar (1970) with further mapping completed by
Chandler (1988) in the southern parts of the NTS 47E–F
map areas.
Previous field studies of the Archean basement underlying
the Fury and Hecla Basin identified tonalitic orthogneiss,
granitic gneiss and metasedimentary rocks (Blackadar,
1970; Chandler, 1988; Ciesielski, 1992). Following the
2018 mapping of the area, Steenkamp et al. (2018) found
that the Archean basement was largely dominated by a
tonalite-granodiorite orthogneiss complex with associated
minor mafic intrusions (hornblende gabbro to pyroxenite).
Smaller intrusions of magnetite-rich mafic and ultramafic
rocks (anorthosite to websterite) were also identified. Intrusions of massive monzogranite, syenogranite and quartz
syenite comprise the second largest grouping of Precambrian basement rocks, followed by metamorphosed supracrustal rocks containing mica, sillimanite and/or garnet.
These metasedimentary rocks are interpreted to be related
to those found in the Mary River Group (Steenkamp et al.,
2018).
Chandler (1988) formulated the first stratigraphic division
of the Mesoproterozoic Fury and Hecla Group. These formations are presented below, from oldest to youngest, and
detailed descriptions can be found in Greenman et al.
(2018) and Patzke et al. (2018):
1) the Nyeboe Formation consists of ~500 m of red sandstone, conglomerate and basaltic flows,
2) the Sikosak Bay Formation consists of up to 150 m of
mature, crossbedded quartz arenite,
3) the Hansen Formation consists of either a basaltic flow
or shallow sill up to 30 m thick,
4) the Agu Bay Formation is composed of up to 250 m of
quartz arenite and siltstone,
5) the Whyte Inlet Formation is composed of up to 2500 m
of white and pink quartz arenite, and
6) the Autridge Formation is composed of black shale of
the Cape Appel Member overlain by siltstone of the
Mikkelsen Member.
Examples of mafic dykes attributed to the Franklin igneous
event are found across the Canadian Arctic islands and
have been extensively studied in terms of geochronology
and paleomagnetism (Heaman et al., 1992; Pehrsson and
Buchan, 1999; Denyszyn et al., 2009a, b; Evans, 2009;
Buchan and Ernst, 2013). The Franklin igneous event also
produced the Natkusiak flood basalts, the Coronation sills,
and the Clarence Head, Devon Island, Strathcona Sound,
Franklin and Thule dykes, one of the largest known dyke
swarms (Denyszyn et al., 2009a, b; Ernst et al., 2013). Geochronological studies of the dykes suggest that Franklin
magmatism occurred between 723 and 718 Ma (Heaman et
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al., 1992; Denyszyn et al., 2009a, b), and it is widely assumed that the extensive tholeiitic basalt magmatism and
associated broad regional uplift was the byproduct of a
mantle plume (Rainbird, 1993). The crystallization ages for
Franklin dykes on Baffin Island are derived from the Cumberland dyke (southeastern Baffin Island) dated at 723 +4/–2 Ma,
and the Borden dyke (northeastern Baffin Island) at
720 ±8 Ma (Heaman et al., 1992; Pehrsson and Buchan,
1999). The referenced age for the termination of the Franklin igneous event corresponds to the sill in Minto Inlier area
(Victoria Island, Northwest Territories) dated at 718 ±2 Ma
(Heaman et al., 1992). Paleomagnetic studies of the Franklin igneous event in conjunction with geochronological
ages provide strong constraints for the correlation of the
Franklin dykes across the Bylot Supergroup. Paleomagnetic pole determinations demonstrated that the southeastward-trending Franklin dykes, across the Canadian Arctic,
converge on Melville Island (Northwest Territories), suggesting that the dykes are all related to the same magmatic
event (Denyszyn et al., 2009a, b; Evans, 2009).

Mafic rocks in the Fury and Hecla Basin
Chandler (1988) divided the Nyeboe Formation into seven
members that consist of (from base to top) 1) polymict breccia, 2) red sandstone and shale, 3) quartz conglomerate,
4) red sandstone and shale, 5) dolomitic quartz arenite and
stromatolitic dolomite, 6) altered subaerial mafic volcanic
flow(s), and (7) red sandstone and shale. The mafic volcanic rocks, found at three separate bluffs measuring 3–6 m
high, are described as amygdaloidal. Whole-rock geochemical analyses of these rocks indicate considerable
variation in major element concentrations, possibly due to
their high degree of alteration, however, low TiO2 concentrations suggest that the basalts formed in an oceanic-rift
environment (Jackson and Iannelli, 1981; Chandler, 1988).
In contrast to the mixture of sandstone and mafic volcanic
rocks of the Nyeboe Formation, the Hansen Formation consists solely of basaltic rocks with a debated context. Outcrops of the Hansen Formation basalts east of Agu Bay
have been interpreted both as a shallow sill and as a volcanic flow (Blackadar, 1970; Chandler, 1988; Long and
Turner, 2012). The Hansen Formation has been described
as a massive, green to black, unoxidized, extrusive mafic
flow (0–30 m thick), which is absent from the eastern part
of the basin, suggesting westward migration of the magmatic source (Chandler, 1988). Chemical analyses of
Hansen Formation samples show high Fe3+/Fe2+ ratios that
are more consistent with subaerial basalt flows rather than a
sill or submarine flow. Three K-Ar cooling ages of
1121 ±33, 1117 ±40 and 1089 ±32 Ma from Hansen Formation samples roughly coincide with the ca. 1268 Ma Mackenzie igneous event (Chandler and Stevens, 1981).
Mafic dykes that cut the Fury and Hecla Basin stratigraphy
and surrounding basement gneisses have been described as
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gabbroic and trend toward the southeast (Blackadar, 1970;
Chandler, 1988). Two samples collected from dykes within
the Fury and Hecla Basin yielded K-Ar cooling ages of
631 ±43 and 643 ±27 Ma, which were interpreted as
broadly correlative with the Franklin igneous event (Chandler and Stevens, 1981; Heaman et al., 1992).
The mafic intrusion Dybbol sill located on the Autridge
peninsula has been interpreted as part of the Franklin igneous event (Chandler, 1988). The composition of the mafic
rocks of the sill is similar to that observed for the mafic
dykes. The Dybbol sill was dated at roughly 716 ±166 and
746 ±166 Ma, using the K-Ar dating method (Chandler and
Stevens, 1981). Discussions are still ongoing to determine
whether the Dybbol sill was cut by the mafic dykes or was
comagmatic.

New observations
Geological mapping conducted in 2018 in the Fury and
Hecla Basin has refined the trace of the nonconformity between the basement and basin rocks, refined the stratigraphic boundaries within the basin, and provided details
on the exposure of numerous crosscutting dykes (Bovingdon et al., 2018; Greenman et al., 2018; Patzke et al., 2018;
Steenkamp et al., 2018). Observations and samples of
mafic rocks in, surrounding and cutting through the Fury
and Hecla Basin were collected from 36 stations (Figure 1).

Nyeboe Formation
Outcrops of fresh red, weathered brown-grey and oxidized
fine-grained mafic rocks of the Nyeboe Formation are exposed east of Agu Bay at stations M012, M162 and M178
(Figure 1). At station M162, stromatolites of member 5 of
the Nyeboe Formation are directly overlain by a 0.5–1 m
thick layer of basaltic rocks with pillow structures, which is
in turn covered by a 0–2 m thick, aphanitic, mafic volcanic
unit. A similar 0–3 m thick, aphanitic, mafic volcanic unit
was observed at station M012 (Figure 2a) and described by
Chandler (1988). Additional 0.4–2 m thick pillow structures containing amygdules are present at station M178
(Figure 2b). Although the rocks at station M178 were previously mapped as part of the Hansen Formation, the presence of the pillow structures suggests that they may instead
belong to the Nyeboe Formation. These are the first reports
of pillow structures in the Nyeboe Formation, and they
imply an extrusive, subaqueous depositional environment.

Hansen Formation
Outcrops of mafic rocks with brown weathered surfaces
and dark grey unweathered surfaces, interpreted as belonging to the Hansen Formation, were observed at eight stations. In the central part of the basin, four stations (F015,
F023, W006, W008; Figure 1) are characterized by dominantly aphanitic, massive mafic rocks (Figure 3a). These
rocks occur within the Sikosak Bay Formation (Fig-
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Figure 1: Simplified geological map of the area north of Fury and Hecla Strait, focusing on the Nyeboe and Hansen formations, Dybbol sill and mafic dykes, northwestern Baffin Island,
Nunavut. Sample sites are indicated. Place name with the generic in lower case is unofficial.

Mafic dykes
Along the coastline, the mafic dykes generally form prominent, well-exposed ridges (Figure 4a). Farther inland the
dykes are eroded flush with the basement gneiss and basin
rocks. Many of the dykes are laterally continuous for tens of
kilometres. At the outcrop scale, the dykes are massive,
weathered green to orange-brown and vary in thickness
from 10 to 500 m. Fresh surfaces are grey and typically display homogeneous, equigranular and ophitic textures.
Grain sizes range from fine to medium (0.5–2 mm) at the
margins of most dykes (Figure 4b), and from medium to
coarse (2–5 mm) at the centres of the dykes (Figure 4c).
Plagioclase agglomerates and laths up to 5 mm long are
common, clinopyroxene up to 5 mm long is abundant, and
disseminated magnetite is typically present.

Discussion and future work
The mapping of the Nyeboe Formation during the summer
of 2018 led to the discovery of volcanic pillow structures in
the Fury and Hecla Basin, confirming syndepositional
magmatism. Pillow basalts have also been described in the
Borden Basin’s Nauyat Formation, which includes four basalt units that are overlain by stromatolitic carbonate rocks
(Long and Turner, 2012). This differs from the Nyeboe Formation where the mafic volcanic units (and volcanic pillow
structures) overlie stromatolite beds, suggesting diachronous magmatism in similar shallow marine environments.
Figure 2: Field photographs of Nyeboe Formation mafic volcanic
rocks, northwestern Baffin Island, Nunavut: a) close-up of finegrained mafic rock at station M012 (coin is 28 mm in diameter);
b) pillow structures at station M178 (hammer is 75 cm long).

ures 1, 3b). In contrast, four stations in the western part of
the basin (M014, M015, M085, H128; Figure 1) are characterized by aphanitic to fine-grained (0–2 mm) mafic rocks
with discernable plagioclase up to 2 mm long (Figure 3c)
and columnar jointing, which is seen in cliff sections (Figure 3d). No clinopyroxene is visible. In this part of the basin, the Hansen Formation lies between the Nyeboe and
Sikosak Bay formations (Figure 1).

Dybbol sill
Exposures of the Dybbol sill are located on the Autridge
peninsula in Fury and Hecla Strait and along the coastline at
Cape Appel (Figure 1). Cliff outcrops measure up to 80 m
high, and given that there is no overlying unit in contact
with the sill, this represents a minimum thickness estimate.
The sill has characteristics that resemble the mafic dykes:
the rocks are relatively unaltered, gabbroic and have ophitic textures. Hand samples are homogeneous with fine- to
medium-grained plagioclase, pyroxene and abundant magnetite.

Summary of Activities 2019

Correlation of the volcanic formations across the Bylot basins is hampered by a lack of precise geochronology. The
volcanic formations of the Fury and Hecla Basin are interpreted to be related to the Mackenzie igneous event
(ca. 1268 Ma) based on K-Ar ages (with large uncertainties) from the Hansen Formation and from the Nauyat Formation in the Borden Basin (Chandler and Stevens, 1981;
Jackson and Ianelli, 1981). No ages have been determined
from the Nyeboe Formation. However, U-Pb dating of
baddeleyite from the Savage Point sill of the Hunting–
Aston Basin and the dolerite sills of the Smith Sound Group
from the Thule Basin (Ellesmere Island) has yielded an age
of ca. 1268 Ma, correlating theses formations to the Mackenzie igneous event (LeCheminant and Heaman, 1991).
In order to address the lack of precise geochronology data
and correlate the stratigraphy between the Bylot basins,
multiple geochronology samples have been collected to
help constrain the timing, duration and depositional environment of the volcanic and sedimentary units. This included 1) sampling of mafic rocks of the Nyeboe and Hansen formations for precise U-Pb zircon geochronology
studies; 2) sampling of the Agu Bay and Autridge formations for Re-Os dating and micropaleontological studies
(Greenman et al., 2018); 3) sampling of quartz arenite from
the Nyeboe, Sikosak Bay and Whyte Inlet formations and
Mikkelsen Member for U-Pb detrital-zircon geochronol-
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Figure 3: Field photographs of volcanic mafic rocks of the Hansen Formation, northwestern Baffin Island, Nunavut: a) fine-grained mafic
rock at station W008 (coin is 28 mm in diameter); b) contact (white dashed line) between Hansen Formation mafic volcanic unit (left) and
sandstone of the Sikosak Bay Formation (right) at station F015 (geologist is approximately 1.8 m tall); c) medium-grained mafic rock at station M014 with visible plagioclase laths (coin is 28 mm in diameter); d) cliff outcrop of the Hansen Formation with columnar jointing at station
M015.

ogy studies (Patzke et al., 2018); and 4) sampling of the
mafic–ultramafic Archean basement rocks for U-Pb zircon
geochronology studies (Bovingdon et al., 2018). The results will determine if correlations can be made across the
Bylot Supergroup and establish any links with the Mackenzie igneous event.

Previous studies on the timing and geological context of
emplacement of the Hansen Formation provide contradictory or ambiguous interpretations. The Hansen Formation
has been interpreted as both a shallow sill and/or a subaerial
flow (Blackadar, 1970; Chandler, 1988; Turner et al.,
2016). The rocks in the western part of the basin are generally fine to medium grained with columnar joints indicating
a relatively shallow emplacement. However, field relationships in the central part of the basin appear to show the
Hansen Formation cutting the Sikosak Bay Formation. The
nature of the Hansen Formation will be further studied
through geochemical analyses.
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Based on field observations, the Dybbol sill and the mafic
dykes that cut through the Fury and Hecla Basin have similar mineralogy and textures. Chandler (1988) suggests that
the sill is probably cut by the mafic dykes, based on an
airphoto interpretation. Because the contacts between the
mafic dykes and the Dybbol sill are covered, the possibility
that the sill may be comagmatic with the dykes remains
open. Evidence of such comagmatism has been observed
on Victoria Island (Northwest Territories) where Franklin
dykes feed laterally into the sills at Minto Inlet (Heaman et
al., 1992).
The mafic dykes that cut the Fury and Hecla Basin and surrounding basement rocks have characteristics similar to
Franklin dykes described elsewhere on Baffin Island: they
follow the same general southeastward trend and have
comparable mineralogical and textural traits. The southeastward trends measured for the dykes in and around the
Fury and Hecla Basin can be extrapolated back to Melville
Island, suggesting they are part of the radial dyke swarm
that initiated during the Franklin igneous event (Heaman et
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and sills emplaced during the Franklin igneous event. New
U-Pb zircon and/or baddeleyite geochronology studies will
be conducted to improve geochronological constraints on
Neoproterozoic magmatism associated with the development of the Fury and Hecla Basin.
Whole-rock geochemical and isotope analyses will be performed to characterize each of the mafic rock units identified during the 2018 field season, and provide chemical evidence to further interpret their magmatic sources,
chemical evolution and potential relationships with mafic
rocks elsewhere in the Bylot basins. Additionally, samples
from a basaltic flow in the Nyeboe Formation (M162) and
two mafic dykes (H112, M147) were collected for paleomagnetic investigations. Results from this work will provide new paleomagnetic data to help constrain global paleoplate reconstructions and further characterize tectonic
changes during the development of the Fury and Hecla
Basin.

Economic considerations
Both the Mackenzie (ca. 1268 Ma) and Franklin (723–
718 Ma) igneous events produced large continental flood
basalts, mafic dyke swarms and sills that are potential hosts
for nickel–copper–platinum group elements (PGE) ore deposits (Naldrett, 2004). For example, Jefferson et al.
(1994), Naldrett (1999) and Saumur et al. (2016) discussed
the important metal potential of high Arctic mafic dykes
and sills, such as those in the Minto Inlier, that are associated with the Franklin igneous event. Conversely, the
1100 m thick continental flood basalts of the Natkusiak
Formation on Victoria Island (Northwest Territories), part
of the Franklin magmatism, have thus far provided no evidence for economic mineralization (Heaman et al., 1992).
Although pyrite and chalcopyrite mineralization has been
found in association with Franklin dykes and gabbroic intrusions cutting the Mary River Group (Johns and Young,
2006), no similar mineralization has been observed in the
mafic rocks of the Nyeboe and Hansen formations, or the
mafic dykes and sills within the Fury and Hecla Basin.
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