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Abstract
Presented in this paper is a review of the geochemical classification and comparison of the igneous rocks from across the
Canadian Arctic and northwestern Greenland, including new data from the Fury and Hecla Basin. These mafic igneous
rocks are tentatively associated with the Mesoproterozoic Mackenzie and the Neoproterozoic Franklin igneous events. The
majority of these Mackenzie and Franklin igneous rocks fall within the tholeiitic basalt/gabbro fields in the total alkali-silica
diagrams with a smaller number of samples falling within the trachybasalt/alkali gabbro and monzogabbro fields. Both the
Franklin and Mackenzie suites are enriched in TiO2, with the Franklin-related rocks having enrichments ranging as high as
5.25 wt. % TiO2 and the Mackenzie-related rocks ranging as high as 3.75 wt. % TiO2. However, Mackenzie-related rocks of
the eastern Arctic tend to have lower TiO2 concentrations (<1.25 wt. %) than those of the western Arctic (1.5–3.75 wt. %).
The high TiO2 concentrations and trace element discrimination diagrams (Th/Yb versus Nb/Yb) of the Mackenzie- and
Franklin-related rocks of the Fury and Hecla Basin are consistent with enriched mid-ocean–ridge basalts that were derived
from an enriched mantle and were subsequently contaminated by crustal sources during emplacement.

Introduction
Presented in this paper are new geochemical data for igneous rocks from the Fury and Hecla Basin that were described and sampled during the 2018 geological mapping
season; a program that was led by the Canada-Nunavut
Geoscience Office (Steenkamp et al., 2018; Dufour et al.,
2020). The sampled igneous rocks are largely mafic in
composition and are believed to be formed during the
Mesoproterozoic Mackenzie and Neoproterozoic Franklin
igneous events. The goal of the study is to classify the igneous rocks from the Fury and Hecla Basin and compare the
new data with published data on similar rocks from across
the Arctic in Canada and northwestern Greenland.
The Mackenzie and Franklin igneous events are interpreted
as large igneous provinces (LIPs) that formed ca. 1268 Ma
(LeCheminant and Heaman, 1989) and ca. 723 Ma
(Heaman et al., 1992), respectively, with each event pro-

ducing features such as sills, dyke swarms and basalt flows.
The petrology and geochemical characteristics of the igneous rocks from the Fury and Hecla Basin will help constrain
the magma sources, magmatic evolution and metallogeny
in the Bylot basins of the eastern Arctic as has been done in
the western Arctic (Bédard et al., 2012; Williamson et al.,
2016). Geographic variations in the geochemistry of the
Mackenzie and Franklin LIPs, across the Arctic, are also
discussed. The data sources for this comparison include
· data for the Coppermine River Group basalt flows ex-

tracted from the GEOROC database (Max Planck Institute for Chemistry, 2019) but originally came from
Dostal et al. (1983), Griselin et al. (1997) and Day
(2013);
· Nauyat Formation basalts compositions, compiled from

Dostal et al. (1989);
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· Mesoproterozoic and Neoproterozoic dykes and sills

from Dawes (2006);
· Franklin igneous rock data from Bédard et al. (2016);
the data includes Franklin dykes from Somerset Island
and Kiluhiqtuq (formerly Bathurst Inlet), dykes and sills
from Coronation Gulf and Brock Inlier and the
Natkusiak sills from Victoria Island;
· additional data for the Mackenzie and Franklin dykes
and sills compiled from Ernst and Buchan (2010).

Geological setting
Mesoproterozoic Mackenzie igneous suite
The mafic rocks of the Mesoproterozoic Fury and Hecla
Basin described here are believed to be associated with the
Mackenzie igneous suite (Chandler and Stevens, 1981;
Chandler, 1988). The ca. 1268 Ma Mackenzie LIP comprises mafic and lesser ultramafic rocks in the western Canadian Arctic (Figure 1), which include the volcanic rocks
of the Ekalulia Formation, the Coppermine River Group,
the Muskox intrusion, the East Arm sills, the Mackenzie
dyke swarm and the Savage Point sill (Hunting-Aston Basin; Baragar, 1969; Dostal et al., 1983; Hoffman, 1988;
LeCheminant and Heaman, 1989; Heaman and
LeCheminant, 1993; Baragar et al., 1996; Griselin et al.,
1997; Day et al., 2008; Ernst and Buchan, 2010; Day,
2013). Paleomagnetic data show a close correlation of the
latter five rock units with the Mackenzie igneous event and
no reversal of polarity (Fahrig and Jones, 1969; Jones and
Fahrig, 1978; Fahrig et al., 1981). Additional Mackenzieaged units in the western Arctic include the Tweed Lake
volcanic rocks (Figure 1), the Bear River dykes and the
Tremblay sills (Sevigny et al., 1991; Hulbert et al., 1993;
Schwab et al., 2004). In the eastern Arctic, similar age intrusive rocks (LeCheminant and Heaman, 1989, 1991) are
associated with undated volcanic rocks in the Bylot basins
(Long and Turner, 2012), including the Fury and Hecla,
Borden and Thule basins (Figure 1; Chandler, 1988; Dostal
et al., 1989; Dawes, 1997, 2006; Dufour et al., 2020).
Western Arctic
Coppermine River Group
The Mesoproterozoic Coppermine River Group includes
approximately 3000 m of continental flood basalts of the
Copper Creek Formation overlain by red sandstones and
interbedded basaltic lava flows of the Husky Creek Formation (Baragar, 1969; Skulski et al., 2018). The Copper
Creek Formation is composed of three stratigraphic members defined on the basis of geochemistry and petrography
(Skulski et al., 2018). The September Creek member at the
base includes plagioclase-clinopyroxene±orthopyroxene–
phyric basalts and, less abundant, olivine-phyric picrite
(Skulski et al., 2018). The overlying Stony Creek and Burnt
Creek members contain thin basalt flows with microphenocrysts of plagioclase, clinopyroxene±titanomagnetite
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(Skulski et al., 2018). Native copper is found primarily in
these upper two members where it is a minor constituent of
amygdules and is locally concentrated in veins (Baragar,
1969; Kindle, 1973). Correlative volcanic rocks of the
Ekalulia Formation are found in the Kiluhiqtuq area
(Campbell, 1978).
Muskox intrusion and Mackenzie dyke swarm
The Muskox intrusion is a 125 km long, funnel-shaped
plutonic body, which intruded sedimentary strata and crystalline basement rocks beneath the Coppermine River
Group (Figure 1; Irvine, 1970). The intrusion comprises a
gabbroic to ultramafic marginal zone, enclosing layered
peridotic and gabbroic cumulates (LeCheminant and
Heaman, 1989). The September Creek member of the
Coppermine River Group is comagmatic with the Muskox
intrusion (Day, 2013), which has been dated at ca. 1269 Ma
(U-Pb baddeleyite analysis; LeCheminant and Heaman,
1989; French et al., 2002; Mackie et al., 2009).
The Mackenzie radiating dyke swarm (Figure 1) can be
traced over 2400 km from a focal point on Victoria Island
(Jowitt and Ernst, 2013; Blanchard et al., 2017). Two
subswarms are recognized on the basis of geochemistry and
geometry (Baragar et al., 1996) and include the western
swarm and Pitz-Dubawnt lakes swarm in the east. The
Mackenzie dykes cut the Muskox intrusion and the Coppermine River Group (September Creek member) and are interpreted to be feeder dykes to the mid and upper lava flows
of the Coppermine River Group (Day, 2013; Skulski et al.,
2018).
Savage Point sill, Hunting-Aston Basin
The Mesoproterozoic stratigraphy of the Hunting-Aston
Basin is considered as one of the Bylot sedimentary basins
but is described here as part of the western Arctic (Figure 1;
Dixon et al., 1971). The Hunting-Aston Basin is located on
Prince of Wales Island and Somerset Island. The lower part
of the basin is represented by the 120–300 m thick Savage
Point sill, which typically has a columnar-jointed structure
and is composed of clinopyroxene, orthopyroxene and plagioclase. South of the Savage Point peninsula, magmatic
differentiation within the sill is supported by reports of
ultramafic rocks in the lower 8 m of the sill (Mayr et al.,
2004) and coarse-grained and granophyric textures in the
upper part of the sill (Jones and Fahrig, 1978). The sill is
overlain by the Aston Formation, which comprises 800 m
of mainly sandstone, and above that the Hunting Formation, which comprises 1000–2000 m of dolostone and sandstone (Dixon et al., 1971; Mayr et al., 2004).
The sill is strongly correlated with the Mackenzie igneous
event based on a U-Pb baddeleyite age of ca. 1268 Ma
(Heaman and LeCheminant, 1993) and a paleopole position that overlaps with the Mackenzie pole (Jones and
Fahrig, 1978; Fahrig et al., 1981).
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Figure 1: Map of the Mackenzie and Franklin igneous suites of northern Canada and northwestern Greenland. For the purpose of this paper, the eastern Arctic (sensu lato) encompasses three of the Bylot basins and the western Arctic (sensu lato) encompasses the Hunting-Aston Basin, the Coppermine River and Victoria Island areas. The Mackenzie and
Franklin dykes are from Buchan and Ernst (2013). The Mackenzie mafic rocks (East Arm sills, Ekalulia Formation volcanic rocks, Muskox intrusion, Coppermine River Group lavas)
and the Coronation sills are adapted from Buchan et al. (2010), the Borden Basin is from St-Onge et al. (2015), the Fury and Hecla Basin and the Dybbol sill are from Dufour et al.
(2020), the Natkusiak Formation basalts, the Natkusiak sills and the Hunting-Aston Basin are from Harrison et al. (2016), the Thule Franklin dykes, the Steensby Land sill complex
and the Thule Basin are extracted from the digitized geological map of Greenland (Geological Survey of Denmark and Greenland, 2016).

Eastern Arctic
In the eastern Arctic of Canada and northwestern Greenland, flat-lying Mesoproterozoic sedimentary and volcanic
rocks of the Bylot Supergroup (Blackadar, 1970; Jackson
and Ianelli, 1981; Dawes, 1997) constitute the three Bylot
basins: Fury and Hecla, Borden and Thule basins (Figure 1;
Long and Turner, 2012).
Nyeboe Formation, Hansen Formation and Hansen sill,
Fury and Hecla Basin
The Fury and Hecla Basin (Figure 1) comprises gently dipping Mesoproterozoic sedimentary and volcanic rocks,
which are locally exposed in fault-bounded blocks (Melville Peninsula; Chandler, 1988). The Nyeboe Formation at
the base contains siliciclastic units, stromatolites and a few
thin (~3 m) locally pillowed to massive basalt flows (Chandler, 1988; Patzke et al., 2018; Dufour et al., 2020). These
are overlain by sandstone of the Sikosak Bay Formation
and fine-grained massive basalts of the Hansen Formation.
The mid and upper reaches of the basin include shale of the
Agu Bay Formation and siliciclastic rocks of the Whyte Inlet and overlying Autridge formations (Chandler, 1988;
Greenman et al., 2018; Patzke et al., 2018). A fine- to medium-grained, columnar-jointed gabbro sill intrudes the
Nyeboe and Sikosak Bay formations (Chandler, 1988;
Dufour et al., 2020). This sill is believed to be comagmatic
with the Hansen Formation basalts and has a minimum KAr whole-rock age of ca. 1.1 Ga (Chandler and Stevens,
1981).
Nauyat Formation, Borden Basin
Volcanic rocks occur in the lower reaches of the Borden Basin (Figure 1) in the Eqalulik Group (Jackson and Ianelli,
1981). The lower Eqalulik Group includes the Nauyat Formation, which comprises a lower quartzite member overlain by a volcanic member (Jackson and Ianelli, 1981). The
volcanic member (up to 200 m thick) consists of seven
tholeiitic basalt flows (Galley, 1978; Jackson and Ianelli,
1981; Galley et al., 1983; Dostal et al., 1989). These are
largely massive subaerial flows locally columnar-jointed
and may include pillowed amygdaloidal basalts (Long and
Turner, 2012). The basalt flows have continental tholeiitic
affinity (Dostal et al., 1989). Primary mineralogy consists
of Ca-plagioclase, augite and olivine (+titanomagnetite
and apatite) and is overprinted by greenschist-facies metamorphic assemblages (prehnite-pumpellyite; Dostal et al.,
1989). Overlying the volcanic rocks are siliciclastic sedimentary rocks of the Adams Sound Formation and shale of
the Arctic Bay Formation. The Eqalulik Group is overlain
by a carbonate platform (Uluksan Group) and younger siliciclastic rocks (Nunatsiaq Group; Jackson and Ianelli,
1981).
The Mesoproterozoic age of the Nauyat Formation basalts
is constrained by a K-Ar whole-rock age of ca. 1.2 Ga
(Jackson and Ianelli, 1981), and a minimum age constraint
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from a Re-Os isochron age of 1048 ±0.012 Ma (Gibson et
al., 2018) for overlying shale in the Arctic Bay Formation.
The Nauyat Formation basalts have a paleopole position
that coincides with the Mackenzie pole of 1.27 Ga (Fahrig
et al., 1981).
Cape Combermere and Northumberland formations,
Thule Basin
The Mesoproterozoic Thule Basin, in northwestern Greenland and eastern Ellesmere Island, Canada (Figure 1), contains 6 km of relatively unmetamorphosed, sedimentary
and mafic volcanic rocks (Dawes, 1997, 2006, 2009). The
1200 m thick Nares Strait Group is the lowest stratigraphic
unit of the Thule Basin. It contains a lower succession of
sandstone of the Northumberland Formation, overlain by a
volcanic–red bed sequence of tholeiitic plateau basalts,
mafic pyroclastic rocks (tuff and lapilli tuff) and interflow
sandstone-shale packages of the Mesoproterozoic Cape
Combermere Formation (Dawes, 1997, 2006). Tabular
subhorizontal sills outcrop largely in the Inglefield Land
area, northwestern Greenland, where they crosscut the Paleoproterozoic basement and the sandstone of the Northumberland Formation (Dawes, 1997). The overlying Josephine Headland and Barden Bugt formations comprise
stromatolitic carbonate, sandstone and shale (Dawes, 1997,
2006).
Mafic gabbro sills and associated dykes intrude the Cape
Combermere Formation. Dawes (1997) identified both intrusive and extrusive contacts associated with these basalt
sills/flows and identified a feeder vent that cut through the
carbonate rocks of the Cape Combermere Formation
(Dawes, 1997, Figure 61; Dawes, 2006). The gabbroic sills
contain plagioclase, clinopyroxene and olivine (usually altered). The sills are up to 100 m thick and are locally columnar-jointed. The Goding Bay sill on Ellesmere Island, part
of the Cape Combermere Formation, has a baddeleyite
207
Pb/206Pb age of 1268 Ma (LeCheminant and Heaman,
1991).

Neoproterozoic Franklin igneous suite
The ca. 720 Ma Franklin igneous event in the western Canadian Arctic produced the Natkusiak Formation basalts
and the Franklin dyke swarm and sills (Figure 1; Heaman et
al., 1992; Denyszyn et al., 2009a, b; Bédard et al., 2012,
2016; Hayes et al., 2015a–c; Williamson et al., 2016; Beard
et al., 2018). The 2500 km radiating Franklin dyke swarm is
found across mainland Nunavut and the Northwest Territories, as well as in the Arctic Archipelago and northwestern
Greenland (Figure 1; Heaman et al., 1992; Bédard et al.,
2016; Williamson et al., 2016; Beard et al., 2018). The main
dyke swarm fans from northeast-striking in the west, to
northwest-striking on Baffin Island to west- to southweststriking on Ellesmere Island and Greenland (Chandler,
1988; Heaman et al., 1992; Pehrsson and Buchan, 1999;
Dawes, 2006; Denyszyn et al., 2009a, b). The Neoprotero-
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zoic mafic dykes and sill from the Fury and Hecla Basin described below are tentatively correlated with the Franklin
LIP (Chandler and Stevens, 1981; Chandler, 1988). The intrusions in the eastern Arctic are well correlated with the
Franklin igneous event by U-Pb baddeleyite ages and by a
similarity in the paleopoles to the Franklin pole (Heaman et
al., 1992; Denyszyn et al., 2009a, b). The convergence
point of the Franklin igneous event is located on Melville
Island (Denyszyn et al., 2009a, b).
Western Arctic
In the western Arctic, Franklin-age mafic rocks include the
Natkusiak Formation basalts and other occurrences, such
as the Natkusiak sills, the Coronation sills in the Coronation Gulf area, the Aston dykes (Figure 1), the Mount
Harper Complex and the Kikiktat volcanic rocks (Heaman
et al., 1992; Shellnutt et al., 2004; Macdonald et al., 2010;
Cox et al., 2015). The south-southeastern-trending Lasard
River dykes, found in the Brock Inlier area, are considered
to be associated with the Franklin igneous event and possibly part of the younger Franklin dyke subswarm emplaced
in eastern Arctic (Figure 1; Buchan and Ernst, 2006;
Denyszyn et al., 2009a). Investigations by Cox et al. (2018)
tried to link the Pleasant Creek volcanic rocks and associated Tatonduk dykes (western Yukon–eastern Alaska) to
the Franklin LIP but they concluded that the relationships
remain uncertain. The Natkusiak and Coronation sills, the
Natkusiak Formation basalts and the Franklin Aston dykes
from the Hunting-Aston Basin are described below.
Natkusiak and Coronation sills
About 13 Natkusiak sills intrude the Shaler Group and the
lower Natkusiak Formation basalts on Victoria Island and
they range from 5 to 100 m thick (Figure 1; Heaman et al.,
1992; Bédard et al., 2012, 2016; Hayes et al., 2015a–c;
Beard et al., 2018). The sills are characterized by homogeneous compositions and thicknesses over tens of kilometres and are generally composed of pyroxene, plagioclase and olivine. The sills are commonly differentiated,
with olivine-rich cumulates at the base and pegmatitic–
granophyric textures at the top (Heaman et al., 1992;
Bédard et al., 2012).
Fifteen Coronation sills, ranging from 20 to 100 m thick, intrude the Proterozoic Rae Group in mainland Northwest
Territories and occur in southern Victoria Island (Figure 1;
Heaman et al., 1992; Shellnutt et al., 2004). They are
mainly composed of clinopyroxene, plagioclase and Fe-Ti
oxides.
Six U-Pb ages derived from baddeleyites and zircons indicate an age of 716.33 ±0.54 Ma for the Natkusiak lower sill
(Macdonald et al., 2010) and 723 Ma for the Natkusiak
middle and upper sills and Coronation sills (Heaman et al.,
1992).
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Natkusiak Formation basalts
The Natkusiak Formation is composed of 1100 m of tholeiitic flood basalt flows (Figure 1; Heaman et al., 1992; Williamson et al., 2016; Beard et al., 2018). Palmer and
Hayatsu (1975) tentatively correlated the Natkusiak Formation with the Franklin igneous event, reporting a K-Ar
age of 625 Ma and supportive paleomagnetic data from the
basalt flows. The compositions of these basalts are not used
in the ensuing geochemical comparison because no equivalent Franklin volcanic rocks have been observed in the
eastern Arctic.
Franklin Aston dykes, Hunting-Aston Basin
Gabbroic dykes of the Hunting-Aston Basin are generally
30–50 m thick, strike both northeast and northwest, and cut
the Archean basement and overlying Mesoproterozoic sedimentary rocks on the Prince of Wales and Somerset islands
(Figure 1; Dixon, 1974; Mayr et al., 2004). These crosscutting relationships, reported Neoproterozoic ages and paleomagnetic data (ca. 702 ±25 Ma, K-Ar dating; Dixon, 1974;
Jones and Fahrig, 1978) are consistent with the Franklin
igneous event.
Eastern Arctic
Mafic sills and dykes occur in the Fury and Hecla Basin
area and the Pituffik area in northwestern Greenland (Figure 1; Dawes, 1997; Mayr et al., 2004; Dufour et al., 2020).
Additional dykes in southwestern Greenland, known as the
Ataa Sund dykes, may represent the continuity of the
Franklin dykes from eastern Baffin Island (Buchan et al.,
2006; Halls et al., 2010). A subswarm of dykes is tangential
to the main radiating swarm and includes the north-striking
Clarence Head dykes on Ellesmere Island and the Strathcona dykes on northern Baffin Island (Pehrsson and
Buchan, 1999; Denyszyn et al., 2009a). The Clarence Head
dykes have yielded a U-Pb baddeleyite age of 716–713 Ma
(Denyszyn et al., 2009a) and are thus slightly younger than
the main Franklin dyke swarm at ca. 720 Ma but remain
considered as part of the Franklin igneous event. A coeval
sill (see ‘Steensby Land sill complex’ section below) in the
Granville Fjord area (northwestern Greenland) has yielded
a U-Pb baddeleyite age of 712 Ma (Denyszyn et al., 2009b)
and is likely related to this subswarm.
Franklin dykes and Dybbol sill, Fury and Hecla Basin
Southeast-striking Franklin dykes cut both the Mesoproterozoic Fury and Hecla Basin and the Archean basement
rocks (Figure 1; Chandler, 1988; Dufour et al., 2020). The
Dybbol sill, also in the Fury and Hecla Basin, is located on
the Autridge peninsula (near Autridge Bay) and covers the
top of the Mesoproterozoic stratigraphy. Both the dykes
and sill are gabbroic rocks, usually fine to medium grained
in the chilled margin and medium to coarse grained in the
interior (Dufour et al., 2020). Chandler and Stevens (1981)
reported K-Ar ages of 631 ±43 Ma for a dyke, and
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716 ±166 Ma and 746 ±87 Ma for the Dybbol sill in the
Fury and Hecla Basin, and tentatively correlated these intrusions to the Franklin igneous event.
Franklin dykes, Borden Basin
Northwest-striking mafic dykes in the Milne Inlet area
(northwestern Baffin Island; Figure 1) of the Borden Basin
are medium to coarse grained and subophitic with a mineralogy consisting of plagioclase, clinopyroxene and olivine
(+Fe-amphibole, biotite, quartz, albite, chlorite, apatite,
baddeleyite, zircon; Christie and Fahrig, 1983; Pehrsson
and Buchan, 1999). Pehrsson and Buchan (1999) report a
U-Pb baddeleyite age of 720–716 Ma for one of these
dykes, thus clearly linking them with the Franklin igneous
event. The age correlation is supported by geochemical
studies indicating that the dykes of the Borden Basin are
comparable to Franklin dykes located elsewhere on Baffin
Island (Pehrsson and Buchan, 1999; Jackson, 2000).
Thule dykes, Thule Basin
West-southwest–striking gabbroic dykes cut the Steensby
Land sill complex (SLSC) of the Thule Basin in Greenland
and are referred to as the Thule dykes (Figure 1; Dawes,
2006, 2009). The dykes form a dense swarm and are preserved as prominent ridges (Dawes, 1997, 2006). Chilled
margins of the dykes have fine-grained textures and dyke
centres have an aphanitic–porphyritic texture. The rocks
have a black–grey colour on fresh surfaces and a brown–
greenish weathered face. The dykes are composed of plagioclase, pyroxene and ilmenite (±quartz, olivine).
The Thule dykes are correlated with the Franklin igneous
event based on similar age and similar strike to Franklin
dykes on Baffin Island (Oakey, 2005; Dawes, 2006; Oakey
and Damaske, 2006). Denyszyn et al. (2009b) report a UPb age of 721 Ma for a dyke north of Steensby Land, in the
vicinity of Qaanaaq, which is parallel to the Thule dykes in
Granville Fjord (Steensby Land) area. Denyszyn et al.
(2009b) have also reported a 712 Ma age for an SLSC intrusive body at Granville Fjord, however, Dawes (1997) has
shown that Thule dykes cut the SLSC. This year’s fieldwork in Granville Fjord, supported by detailed satellite imagery, confirms Dawes (1997) observation that west-southwest striking Thule dykes cut the SLSC. It is noted,
however, that the 712 Ma ‘sill’sampled on the eastern shore
of Granville Fjord (Denyszyn et al., 2009b) lies along strike
from a northwest-striking dyke that appears to cut the westsouthwest-striking Thule dykes. One possible explanation
is that the dated 712 Ma sample is from a younger dyke. Additional samples of Thule dykes and the SLSC were collected to help resolve this uncertainty and will be analyzed
at a future date.

Mesoproterozoic Thule Basin in Greenland (Figure 1;
Dawes, 2006, 2009). The tabular intrusions are 20–50 m
thick and are mostly found within the Mesoproterozoic
sandstone and carbonate of the Dundas Group (former settlement of Moriusaq to Pituffik [Thule Air Base] area). Locally the sills are subdivided, with upper parts of the sills
(diorite) containing minor quartz and K-feldspar (Wolstenholme Fjord) and lower parts of the sills (ferrogabbro) containing abundant ilmenite. Ilmenite concentrations in the
rocks of the SLSC and Franklin dykes of the Thule Basin
can reach as high as 15% (Dawes, 2006). A sill analyzed in
the Granville Fjord area yielded a U-Pb baddeleyite age of
712 ±2 Ma (Denyszyn et al., 2009b; but see section ‘Thule
dykes, Thule Basin’).

Samples and analytical methods
Presented in this paper are new geochemical data for 24
samples from the Fury and Hecla Basin collected during the
2018 summer field season (Dufour et al., 2020). Fine- to
coarse-grained samples were collected from the centres and
the chilled margins of the dykes. Fine-grained samples
were taken for the Nyeboe Formation basalts, fine- to medium-grained samples for the Hansen sill and medium- to
coarse-grained samples for the Dybbol sill. Weathered surfaces were removed before crushing. Representative rock
powders were analyzed by Activation Laboratories Ltd.
(Ancaster, Ontario). Major elements were analyzed on a
Thermo Jarrell-Ash Enviro II inductively coupled plasma–
emission spectrometer (ICP-ES) or a Varian Vista 735 ICPES and trace elements were analyzed on a Perkin Elmer
Sciex Elan 6000/6100/9000-type inductively coupled
plasma–mass spectrometer.

Results
Mackenzie igneous suite

Steensby Land sill complex, Thule Basin

The total alkali-silica (TAS) diagram (Figure 2) shows that
most of the Mackenzie-related mafic rocks fall within the
basalt field (tholeiitic basalts) with a lesser number of samples falling in the tephrite, trachyandesite and andesite
fields. The compositions of the Hansen samples from the
Fury and Hecla Basin and the Savage Point sill from the
Hunting-Aston Basin plot largely in the basalt field of mid
to upper alkaline compositions. Mesoproterozoic sills from
the Nares Strait Group (Thule Basin) show a large variation
in the TAS diagram from basalt (gabbro) to basaltic trachyandesite (monzodiorite). The Mackenzie dykes and Coppermine River Group volcanic rocks are primarily in the
basalt field. The Nauyat (Borden Basin), Northumberland
(Thule Basin) and Nyeboe (Fury and Hecla Basin) formations fall in the basaltic trachyandesite–trachybasalt fields
with a few in the basalt field.

The SLSC corresponds to a swarm of tabular Neoproterozoic gabbroic sills, which intrude the stratigraphy of the

Figure 3 depicts the TiO2 versus MgO concentrations of the
Mackenzie-related rocks. Mesoproterozoic gabbros and
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Figure 3: Diagram of TiO2 versus MgO for Mackenzie-related rocks, Canadian Arctic and northwestern Greenland. Note the higher TiO2 concentrations of the western Arctic
(>1.25 wt. % TiO2) compared to the mafic rocks of the eastern Arctic (<1.25 wt. % TiO2).

Figure 2: Total alkali-silica (TAS) diagram (after LeMaitre, 1989) of Mackenzie-related rocks, Canadian Arctic and northwestern Greenland: Na2O+K2O versus SiO2 (in wt. %). The
majority of the Mackenzie-related rocks plot as tholeiitic compositions. The compositions of the Fury and Hecla Basin samples are comparable to the Coppermine River Group volcanic rocks and Nauyat Formation basalts.

basalts of the eastern Arctic have TiO2 concentrations of
<1.25 wt. % and the rocks of the western Arctic have TiO2
concentrations of >1.25 wt. %. Based on this classification,
it appears that the Savage Point sill sample is likely a western Arctic rock. Two samples from the Nyeboe Formation
have high MgO (>8.5 wt. %) concentrations. Basalts from
the Nauyat and Northumberland formations also have low
TiO2 (<1.2 wt. %) concentrations and MgO concentrations
between 5 and 10 wt. %. A sill from the Nares Strait Group
and the Hansen sill, with 4 and 9 wt. % MgO concentrations, respectively, are both TiO2-poor. In contrast, the
Mackenzie dykes and volcanic rocks from the Coppermine
River Group of the western Arctic are characterized by relatively higher TiO2 concentrations and a similar range of
MgO concentrations (4–9 wt. %). High MgO concentrations of ~21 wt. % in a few samples of basalts of the
Coppermine River Group likely represent olivine accumulations.
Figure 4 is a diagram after Pearce (2014) depicting variations in the Nb/Yb and Th/Yb values of basalts from different tectonic environments (volcanic arcs, mid-ocean
ridges, hot spots). The variations in the ratios reflect the different tectonic environments, but also fingerprint crustal
input (high Th/Yb) and the degree of melting/source composition (Nb/Yb). The samples of the eastern Arctic are
closely grouped together between 3.5–4 Nb/Yb and ~1 Th/
Yb in the continental arcs field, whereas the rocks of the
western Arctic are more scattered along the enriched midocean–ridge basalt (E-MORB) trend. The similar ratios of
the tholeiitic basalts of the eastern Arctic could reflect a
similar degree of contamination of these rocks. The lower
Th/Yb values of the rocks of the western Arctic suggest a
lower level of crustal contamination. The Savage Point sill
sample from the western Arctic plots slightly apart from the
eastern Arctic samples in the continental arcs field as it has
a slightly lower Nb/Yb ratio.

Franklin igneous suite
On a TAS diagram, the Franklin-related rocks plot mostly
within the gabbro field with a lesser number lying in the
alkalic gabbro–monzodiorite fields (Figure 5). The Neoproterozoic dykes of the Fury and Hecla Basin and the sills
and dykes of the Thule Basin have higher Na2O+K2O
(>3 wt. %) than the majority of the samples from the western Arctic.
The Franklin-related rocks (Figure 6) range from 3–
10 wt. % MgO and up to 5.25 wt. % TiO2, although most
samples have <3.5 wt. % TiO2. The dykes of the Fury and
Hecla Basin may be more differentiated than most of the
other dykes and sills, in so far as they have lower MgO
abundances (3–6.5 wt. %). The dykes and the Steensby
Land sills of the Thule Basin and some dykes from eastern
Baffin Island (Ernst and Buchan, 2010) have the highest
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TiO2 concentrations of the Franklin-related rocks and plot
mostly above 3.5 wt. %. The Dybbol sill sample and samples with MgO concentrations of >10 wt. % from the western Arctic (Natkusiak sills) may reflect an accumulation of
olivine.
The trace element discrimination diagram of Figure 7 indicates that most of the Franklin-related rocks yield similar
Nb/Yb (1.4–2.8) and Th/Yb (0.15–0.4) ratios, although
some of the Franklin dykes from eastern Baffin Island yield
higher Nb/Yb ratios.

Discussion
Mackenzie igneous suite geochemistry
The overall geochemistry of the different Mackenzie-related igneous rocks is relatively homogeneous with most
samples plotting in the basalt domain of Figure 2. However,
geochemical differences occur between the Mackenzie-related rocks of the western Arctic and the eastern Arctic. The
TiO2 concentrations of the Mackenzie-related rocks of the
Thule, Borden (Nauyat Formation basalts) and Fury and
Hecla basins are lower compared to those rocks from the
western Arctic, including the Savage Point sill of the Hunting-Aston Basin (Figure 3). In Figure 4, the eastern Arctic
rocks fall within the continental arc domain, which likely
reflects assimilation of older arc-derived crust or metasomatized lithospheric mantle. The higher Nb/Yb ratios
along with documented negative Nb anomalies, low TiO2
and high Zr concentrations among the basalts of the Borden
and Fury and Hecla basins are consistent with an origin
from tholeiitic basalts that were contaminated by continental crust (Galley et al., 1983; Chandler, 1988; Dostal et al.,
1989). Dostal et al. (1989) also suggested that the depleted
Nb and high incompatible element concentrations of the
Nauyat Formation basalts suggests that they could be derived from a subcontinental lithosphere mantle source,
which includes depleted mantle and recycled crustal components. In contrast, the Savage Point sill of the HuntingAston Basin may be slightly less contaminated than Mackenzie-related rocks of the other Bylot basins.
Geochemical variations have also been observed among
the Mackenzie dykes of the western Arctic. The dykes have
been divided into two subswarms based on the alkaline
character of the dykes (normative quartz versus olivine;
Gibson et al., 1987; Baragar et al., 1996). LeCheminant and
Heaman (1989) suggested that the more alkaline dykes
might come from an earlier and deeper (plume) source versus a shallower source for the less alkaline dykes. Similarly,
some of the observed geochemical variations between the
Mackenzie-related volcanic rocks of the western Arctic
(e.g., Coppermine River Group volcanic rocks) and the
eastern Arctic (volcanic rocks of the Fury and Hecla,
Borden and Thule basins) may reflect the nearness of the
Coppermine River Group lavas to the proposed Mackenzie
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Figure 5: Total alkali-silica (TAS) diagram (after Middlemost, 1994) of Franklin-related rocks, Canadian Arctic and northwestern Greenland: Na2O+K2O versus SiO2 (in
wt. %). The compositions of the Franklin-related intrusions of the Fury and Hecla Basin are somewhat scattered but most plot in the gabbro field.

Figure 4: A Th/Yb versus Nb/Yb discrimination diagram (after Pearce, 2014) of Mackenzie-related rocks, Canadian Arctic, indicating the possible tectonic sources of the
magmas. The igneous mafic rocks of the Hansen Formation, Nyeboe Formation and Nauyat Formation of the eastern Arctic are tightly grouped whereas the data of the western Arctic is more dispersed. The arrow indicates the direction of differentiation. Abbreviations: E-MORB, enriched mid-ocean–ridge basalt; MORB, mid-ocean–ridge basalt;
N-MORB, normal mid-ocean–ridge basalt; OIB, oceanic-island basalt.
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Figure 7: A Th/Yb versus Nb/Yb discrimination diagram (after Pearce, 2014) of Franklin-related rocks, Canadian Arctic, indicating the possible tectonic sources of the magmas. The Fury and Hecla Basin dykes and Dybbol sill are mostly grouped with the rest of the Franklin-related rocks of the western Arctic.

Figure 6: Diagram of TiO2 versus MgO for Franklin-related rocks, Canadian Arctic and northwestern Greenland. Most of the Franklin-related intrusions lie along a trend of increasing TiO2 with decreasing MgO, indicating that TiO2 increases with magmatic differentiation. The Fury and Hecla Basin dykes plot at the lower end of the MgO concentration
range, possibly indicating a greater degree of differentiation. The Thule Basin intrusions are characterized by high TiO2 contents.

plume centre on Victoria Island relative to some of the more
distal Bylot basins volcanic rocks (LeCheminant and
Heaman, 1989). Griselin et al. (1997) also proposed that
lavas of the Copper Creek Formation of the Coppermine
River Group basalts formed from deep-seated melting and
were subsequently contaminated in a crustal magma chamber. Thus, it is possible that Mackenzie-related rocks for
three of the Bylot basins, including the Fury and Hecla
Basin, may have experienced similar crustal contamination
during emplacement.

Franklin igneous suite geochemistry
The Franklin-related rocks form a largely homogeneous
group in the gabbro field of Figure 5. For example, the
Natkusiak sills of Victoria Island (Beard et al., 2018) have
some compositions similar to the Franklin-related rocks of
the eastern and western Arctic. The Natkusiak sills are considered to be typical continental tholeiites, consisting of
both low-TiO2 (type 1) and high-TiO2 (type 2) basalts
(Dostal et al., 1986; Heaman et al., 1992; Bédard et al.,
2016).
The majority of the Franklin-related rocks follow a trend of
increasing TiO 2 with decreasing MgO (Figure 6). The
higher TiO2 concentrations of the SLSC and Franklin dykes
from the Thule Basin (Dawes, 2006) may indicate a greater
degree of differentiation and/or differences in the magma
sources.
The Nb/Yb versus Th/Yb variations for the Fury and Hecla
Basin mafic intrusions (Figure 7) extend from near EMORB compositions to within the continental arc domain.
Rather than representing arc magmas, these compositions
likely reflect crustal contamination of the tholeiitic magmas as was demonstrated for the Natkusiak Formation volcanic rocks by Beard et al. (2018). The data for the western
Arctic lie mostly along and slightly above the E-MORB
trend in Figure 7. However, the data field for the Natkusiak
sills cuts across the Fury and Hecla Basin data and the basalts are interpreted to have evolved from plume-related
magmas (E-MORB), which have assimilated continental
crustal components (Heaman et al., 1992; Shellnutt et al.,
2004; Jowitt and Ernst, 2013; Beard et al., 2018). The
Franklin-related mafic rocks of the Fury and Hecla Basin
are likely the product of similar sources.

Economic considerations
The overall chalcophile nature and associated crustal contamination of the Mackenzie- and Franklin-related mafic
rocks make these rocks interesting exploration targets for
Ni-PGE-Cu mineralization (Naldrett, 2004; Jowitt and
Ernst, 2013).
Numerous examples of base-metal mineralization have
been documented in the Coppermine River Group
(Baragar, 1969; Skulski et al., 2018). Disseminated and na-
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tive copper is present in faults, veins and amygdules of the
Copper Creek Formation and Ni-PGE associated with
sulphides are present in the Muskox intrusion. The emplacement of the Mackenzie magmas may also have provoked hydrothermal circulation and mineralization, such as
arsenopyrite, barite and copper-uranium ores in the Paleoproterozoic Lady Nye Formation (Northwest Territories)
based on a 1284 ±11 Ma age from a hydrothermal xenotime
(Davis et al., 2008; Skulski et al., 2018).
The Neoproterozoic Thule Basin mafic rocks are TiO2-rich,
yielding high-grade ilmenite concentrations in raisedbeach black sands found along the coastline of the Thule
Basin (Dawes, 2006). Occurrences of sulphides such as pyrite and chalcopyrite (up to 2%) and trace pyrrhotite and
sphalerite have also been documented in fractures/veins
within the SLSC and Thule dyke swarm.

Conclusions
The Mackenzie igneous suite of the western Arctic is characterized by higher TiO2 concentrations (>1.25 wt. %) and
lower Th/Yb ratios compared to Mackenzie-related rocks
from the three Bylot basins in the eastern Arctic
(<1.25 wt. %). This may indicate that the Mackenzie-related rocks of the eastern Arctic are more differentiated and
may have interacted with different crustal components.
Franklin-related rocks in the Fury and Hecla Basin have
slightly higher Th/Yb ratios relative to their western Arctic
counterparts. This may reflect differences in their mantle
source and/or in the extent to which they interacted with
continental crust.
Both the Mackenzie and Franklin igneous events are characterized as large igneous provinces that formed intrusive
sills, dyke swarms and extrusive lava flows over a great distance. Progressive geochemical differentiation and/or
source contamination exhibited by the magmas appears to
correlate with distance from the inferred plume source and
may be related to thermal doming and plume uplift for both
large igneous provinces.
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