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Abstract
Over the course of this project, nine stratigraphic sections of the ~1050 Ma middle Bylot Supergroup in the Borden Basin
were measured, logged and sampled from five camps set up along Tremblay Sound, northwestern Baffin Island, Nunavut.
Together, these provide a nearly continuous composite stratigraphic section ~1700 m thick of the carbonate-dominated
Iqqittuq, Angmaat, Victor Bay and Athole Point formations. This study broadly confirms previous depositional interpretations of the Borden Basin. In addition, this remarkably complete composite stratigraphic section along Tremblay Sound
contains an unusually thick section of the Athole Point Formation that preserves a tuff bed. Samples from this composite
section will be used in future geochemical, paleontological and geochronological investigations to gain a better understanding of the geological history of the Bylot Supergroup, and to characterize the depositional environments and biological diversity near the 1000 Ma Mesoproterozoic-Neoproterozoic transition.

Résumé
Dans le cadre de ce projet, neuf sections stratigraphiques de la partie intermédiaire du Supergroupe de Bylot dans le bassin
de Borden, âgé de quelque 1050 million d’années (Ma), ont été mesurées, décrites et échantillonnées à partir de cinq
campements installés le long du détroit de Tremblay, au nord-ouest de l’île de Baffin, au Nunavut. Ensemble, elles fournissent une section stratigraphique composite presque continue d’une épaisseur d’environ1700 m des formations d’Iqqittuq,
d’Angmaat, de Victor Bay et d’Athole Point, caractérisées par la présence prédominante de roches carbonatées. Cette étude
confirme d’une manière générale les interprétations précédentes faites au sujet des milieux sédimentaires du bassin de
Borden. En outre, cette section stratigraphique composite remarquablement complète bordant le détroit de Tremblay
contient une section d’une épaisseur inhabituelle de la formation d’Athole Point qui renferme une couche de tuf volcanique.
Des échantillons provenant de cette section composite feront l’objet de futures recherches géochimique, paléontologique et
géochronologique dans le but de mieux comprendre l’histoire géologique du Supergroupe de Bylot et de caractériser non
seulement les milieux de sédimentation mais aussi la diversité biologique qui régnaient è la transition du Mésoprotérozoique–Néoprotérozoique, il y a environ 1000 Ma.

This publication is also available, free of charge, as colour digital files in Adobe Acrobat® PDF format from the Canada-Nunavut
Geoscience Office website: http://cngo.ca/summary-of-activities/2017/.
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Introduction
The Bylot Supergroup in northwestern Baffin and Bylot islands, Nunavut, has provided key insight into late Mesoproterozoic sedimentological and biological revolutions.
Preliminary mapping and stratigraphic (Blackadar, 1970;
Geldsetzer, 1973; Jack son et al., 1980; Jack son and
Cumming, 1981), paleontological (Hofmann and Jackson,
1991, 1994; Kah and Knoll, 1996; Knoll et al., 2013),
sedimentological (Narbonne and James, 1996; Sherman et
al., 2000; Sherman et al., 2001; Turner, 2003, 2004, 2009)
and geochemical (Kah et al., 1999; Kah, 2000; Kah et al.,
2001) studies of middle Bylot Supergroup carbonate rocks
have set the stage for continuing research, including the
current study. This project is multidisciplinary by nature and
relies on collaborative relationships between sedimentologists, paleontologists and geochemists. The preliminary
aim of the fieldwork was to collect high-resolution stratigraphic samples (i.e., samples taken at least every 3 m)
from this remarkably well-exposed succession for a suite of
geochemical analyses and paleontological investigation,
with the aim of interpreting the results within a robust
depositional framework. Another aim of this study is to
compare the sequence-stratigraphic architecture of the carbonate facies in the Milne Inlet graben, which is the primary depocentre within the Borden Basin, to that in the
Eclipse Trough of western Bylot Island to better constrain
the tectonostratigraphic evolution of the Borden Basin. The
ultimate goal of this work is to elucidate the relative influences of geological, biological and tectonic interactions on
an evolving Earth during the Proterozoic.

sumed to be a distal expression of the ca. 1270 Ma LIP
(LeCheminant and Heaman, 1989) due to the similarity of
their paleomagnetic poles (Fahrig et al., 1981) and geochemistry (Dostal et al., 1989). Franklin dykes that crosscut
the entire Bylot Supergroup constrain it to older than ca.
723 Ma (Heaman et al., 1992; Pehrsson and Buchan, 1999).
Within this 1270–723 Ma interval, only a few depositional
ages have been determined. Turner and Kamber (2012) estimated a depositional age for the Arctic Bay Formation of
1092 ±59 Ma using whole-rock black shale U-Th-Pb geochronology. Whole-rock black shale Re-Os geochronology
has yielded isochron ages of 1048 ±12 Ma for the middle
Arctic Bay Formation and 1046 ±16 Ma for the lower Victor Bay Formation (Gibson et al., in press). Together, these
dates provide the only in situ depositional age control for
any of the Bylot basins and suggest that the carbonate-dominated middle Bylot Supergroup is younger than 1050 Ma.

Geological background

The lower Eqalulik, middle Uluksan and upper Nunatsiaq
groups of the Bylot Supergroup occupy a series of northwest-trending troughs. The Milne In let graben on the
Borden Peninsula is the largest of these and functioned as
the main depocentre of the Bylot Supergroup (Figure 1;
Jackson and Iannelli, 1981). The Eclipse and North Bylot
troughs occur to the northeast of the Milne Inlet graben and
contain similar sedimentary successions (Kah et al., 2001),
though they record slightly varied tectonostratigraphic evolutionary histories. Originally, the Uluksan Group was divided into the Society Cliffs and Victor Bay formations, but
its stratigraphy was subsequently revised (Figure 1) in light
of detailed sedimentological and sequence-stratigraphic
data (Turner, 2003, 2004, 2009).

The Bylot Supergroup in the Borden Basin

Tectonostratigraphy

The Borden Basin, along with the Fury and Hecla, Aston
and Hunting, and Thule basins in the eastern Canadian Arctic Archipelago and West Greenland, represent broadly
contemporaneous, late Mesoproterozoic intracratonic sedimentary basins known as the Bylot basins (Fahrig et al.,
1981). These basins were originally considered to be a series of aulacogens resulting from emplacement of the Mackenzie large igneous province (LIP) during the opening of
the Poseidon Ocean (Jackson and Iannelli, 1981; Dostal et
al., 1989), but an alternate model links early extension and
subsequent tectonostratigraphic evolution to far-field deformation from the ca. 1.1 billion year-old (Ga) Grenvillian
col li sion dur ing the for ma tion of the supercontinent
Rodinia (Turner et al., 2016).
The Borden Basin—which is the best studied of the Bylot
basins—preserves a stratigraphic sequence ~6 km thick
known as the Bylot Supergroup (Figure 1). Nauyat Formation basalt at the base of the Bylot Supergroup nonconformably overlies Archean (ca. 3.0–2.7 Ga) orthogneiss
and granite (Jackson and Berman, 2000), and is widely pre-
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Crustal attenuation produced initial subsidence that accommodated the basal Nauyat and Adams Sound formations in
northwest-trending, fault-bounded troughs (Jackson et al.,
1980; Jackson and Cumming, 1981; Jackson and Iannelli,
1981). Subsequent episodic rifting reactivated these faults
throughout the history of Borden Basin (Sherman et al.,
2002; Turner, 2009). Continued normal faulting and marine transgression resulted in the deposition of Arctic Bay
Formation black shale and siltstone on a northwest-deepening terrigenous ramp within a restricted basin (Jackson and
Iannelli, 1981; Turner and Kamber, 2012; Hahn et al.,
2015). An increase in the carbonate saturation of basin waters (Hahn et al., 2015), and perhaps an increase in marine
in flu ence (Kah et al., 2001), prompted the north west
progradation and interfingering of the Iqqittuq Formation
carbonate-ramp facies with a fine-grained siliciclastic facies, and ultimately the stabilization of the Angmaat carbonate platform (Turner, 2009). Whereas Kah (1997) proposed that the Angmaat Formation represents carbonate
production and accumulation on a carbonate ramp with a
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shallow gradient, Turner (2009) inferred deposition on a
rimmed carbonate platform.
Shallow subtidal to supratidal Angmaat Formation carbonate, chert and evaporite facies in the southeast (Kah and
Knoll, 1996; Kah et al., 2001) are time-correlative with
Nanisivik Formation rhythmically laminated, thinly bedded, carbonate-slope facies in the northwest (Turner, 2009).
Contemporaneous to the deposition of the middle Arctic
Bay Formation through the early Angmaat and Nanisivik
formations, Fabricius Fiord Formation alluvial fans formed

in response to activity along graben-bounding faults in the
southern portion of the basin and Ikpiarjuk Formation deepwater carbonate mounds precipitated from fault-controlled
fluid vents throughout deeper portions of the basin (Turner,
2009; Hahn and Turner, 2013, 2017; Hahn et al., 2015).
Uplift and subaerial exposure of the carbonate rocks of the
Angmaat, Nanisivik and Ikpiarjuk formations was succeeded by foundering of the basin and deposition of black
shale from the lower Victor Bay Formation atop an erosional unconformity (Sherman et al., 2001; Turner, 2009,

Figure 1: Overview of the geology of the Bylot Supergroup in the Borden Basin, northwestern Baffin Island (modified from Gibson et al., in
press): a) schematic stratigraphic column of the Bylot Supergroup (age constraints from LeCheminant and Heaman, 1989; Heaman et al.,
1992; Pehrsson and Buchan, 1999), with the area outlined in red showing the location of Figure 5; b) Canadian Arctic Archipelago, showing
the location of the Borden Basin, northwestern Baffin Island; c) geology of the Bylot Supergroup in the Borden Basin, with inset in red showing the study area around Tremblay Sound. Abbreviations: Fm., Formation; fms., formations; Gp., Group; Pt., Point; Sg., Subgroup.

Summary of Activities 2017

83

84

Canada-Nunavut Geoscience Office

Summary of Activities 2017

85

Figure 2: Panorama showing the carbonate stratigraphy of the middle Bylot Supergroup exposed along the northwestern shore of Tremblay Sound, northwestern Baffin Island.

2011). Continued subsidence promoted the westward progradation of cyclically packaged carbonate-ramp facies of
the upper Victor Bay for mation, along with pulses of
stromatolite-reef growth (Narbonne and James, 1996).
Sherman et al. (2002) interpreted the transition in facies
distribution after the deposition of the Victor Bay Formation as recording differential uplift resulting from a change
in basin polarity, whereby subsidence and drowning in the
east accommodated deep-water Athole Point Formation
calciturbidites at the same time as uplift in the west eroded
underlying strata and newly formed basement highs to generate the siliciclastic influx of the Strathcona Sound Formation. This bathymetric reversal marks a distinct transition in
the deformation regime of the Borden Basin that cannot be
resolved by renewed rifting along existing faults. Rather,
compressional forces associated with far-field lithospheric
deformation, which has been interpreted as either due to the
displacement along the present northern margin of Laurentia (Sherman et al., 2002) or to Grenvillian orogenesis
(Turner et al., 2016), likely influenced these later stages in
the tectonostratigraphic evolution of the Borden Basin as
recorded by the upper Nunatsiaq Group.

lar tooth structures and occasional slump folds. Carbonate
beds thicken upward and become the dominant rock type in
the upper Iqqittuq Formation as siliciclastic facies become
less abundant. The contact with the overlying Angmaat
Formation is gradational and is marked by the top of the uppermost terrigenous bed (though sabkha facies in the lower

Middle Bylot Supergroup stratigraphy along
Tremblay Sound
Sea cliffs on either side of Tremblay Sound host nearly continuous exposures of the middle Bylot Supergroup from the
Arctic Bay Formation through to the Athole Point Formation (Figure 2). Strata dip gently to the northeast in the
study area and to the southwest in the Alpha River valley to
the southwest, and are cut by a few steeply dipping faults
and Franklin diabase dykes, but are otherwise undeformed.
Nine stratigraphic sections were measured, logged and
sampled in this region, and are described below.

Iqqittuq Formation
The Iqqittuq Formation (stratigraphic sections T1412,
SW1604 and SW1605) thins across the study area from
~300 m in the east (section SW1604) to ~150 m in the west
(section T1412) and has a gradational basal contact with the
underlying Arctic Bay Formation (Figure 3a). This transition records initial northwest progradation toward the
northwest of a distally steepened, mixed siliciclastic-carbonate ramp over the shale-dominated basin represented by
the Arctic Bay Formation (Turner, 2003, 2004, 2009). The
result is interfingering of fine-grained siliciclastic facies indistinguishable from the underlying Arctic Bay Formation
with various carbonate facies that become more abundant
upsection. In the Tremblay Sound area, the Iqqittuq Formation represents deposition in outer-ramp to slope settings
(Turner, 2009). The lower Iqqittuq Formation comprises
black to grey shale and siltstone, with minor very fine sandstone. Interbedded with these are orange-weathering nodular, microbial to stromatolitic and intraclast dolomite, and
rhythmically laminated and parted lime mudstone with mo-
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Figure 3: Outcrop photographs of stratigraphic sections along
Tremblay Sound, northwestern Baffin Island: a) transition from the
shale-dominated Arctic Bay Formation to the interbedded carbonate, siltstone and shale facies of the lower Iqqittuq Formation from
section SW1604; b) well-developed cycles of Angmaat Formation
dolostone above Iqqittuq Formation section T1412 (near section
‘TS’ of Turner, 2009); c) two exhumed ~3 x 10 m stromatolite reefs
at the contact between the Victor Bay and Athole Point formations
from the top of section T1707, with Athole Point Formation outcrops from sections SW1602 and R1609 in the background.
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Angmaat Formation contain minor siltstone horizons in the
shallowest portions of the basin).

Angmaat Formation
The Angmaat Formation (stratigraphic sections K1702,
SW1604 and SW1605) is defined by the northwestern
progradation of a dolostone-rimmed platform with restricted marine to lagoonal facies in the southeast separated
from the basinal, thinly bedded limestone slope facies
(Nanisivik Formation) in the northwest by a ooid-grainstone barrier (Turner, 2003, 2004, 2009). Restricted facies
are strongly silicified in the vicinity of the stratotype section at Angmaat Mountain southeast of the Tremblay
Sound area, as well as in the region between Milne Inlet and
Tay Sound (Kah and Knoll, 1996; Knoll et al., 2013; Manning-Berg and Kah, 2016). These facies include rhythmically pack aged al ter na tions of mudstone–grainstone
laminae and microbialite that contain abundant black and
white chert nodules, and seafloor-cement fans. Minor
green and red silt beds with mudcracks and laterally continuous gypsum beds occur in the lower third of the formation,
only in the shallowest regions of the basin (i.e., southeastern Milne Inlet graben). The Angmaat Formation in the
Tremblay Sound area is >450 m thick and represents the
grainstone barrier that forms the rim along the carbonate
platform margin (Turner, 2009). Here, cyclicity is manifested by fining-upward cycles (Figure 3b) cycles of oolite
alternating with microbialite and stromatolite facies (Figure 4a, b) de formed by te pee-struc tures (Fig ure 4c).
Seafloor-cement fans with interbedded black and white
chert beds as well as nodules are also common. Angmaat
sections SW1604 and SW1605 are similar to the lower portion of section ‘TP’ of Turner (2009).

Victor Bay Formation
The Victor Bay Formation (stratigraphic sections SW1603
and T1707) conformably overlies the Angmaat Formation
in some regions of the Borden Basin, but in many places an
erosional unconformity separates the two (Turner, 2009).
In the Tremblay Sound area, the Victor Bay Formation (section T1707) is ~467 m thick and sits atop an erosional unconformity identified by karst breccia up to tens of metres
thick in the up per most Angmaat For ma tion (sec tion
K1702). This ero sional sur face dis plays sig nif i cant
paleotopography, but because it forms a dip slope its full
thickness is difficult to measure.
The lowermost facies of the Victor Bay Formation in the
Milne Inlet graben comprise organic-rich mudstone deposited during a marine transgression that was likely a result of
tectonic subsidence (Jackson and Iannelli, 1981). Subsequent southwestern progradation of a distally steepened
carbonate ramp resulted in multiple shallowing-upward cycles of the upper Victor Bay member (Sherman et al.,
2000). The lower Victor Bay contains ~10 m of black shale
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interbedded with rhythmically laminated dolomitic mudstone and intraclastic floatstone. Much of the remainder of
the formation comprises deep-water carbonate facies, including rhythmically alternating carbonaceous limestone
and mud limestone couplets (Figure 4e), nodular (ribbon)
limestone and dolostone, and rounded intraclastic rudstone
and floatstone, interpreted as reworking and deposition of
the other facies by storm processes. Many beds exhibit
signs of synsedimentary deformation (Figure 4d). Stromatolite reefs up to 10 m wide and 6 m tall are exhumed near
the contact with the overlying Athole Point Formation (Figure 3c) and grade laterally into debrites, interpreted as material shed along the steep flanks of reef buildups. The initiation of these reefs coincided with marine transgression
just prior to con com i tant up lift and sub si dence that
changed the bathymetric polarity, and resulted from
tectonic reorganization of the basin (Sherman et al., 2002).

Athole Point Formation
The Athole Point Formation (stratigraphic sections SW1601,
SW1602 and R1609) is ~470 m thick in the Tremblay
Sound area and represents a storm-dominated carbonate
ramp that only outcrops in the eastern portion of the Borden
Ba sin (Jack son and Iannelli, 1981; Kah et al., 1999;
Sherman et al., 2002). This formation conformably overlies
the Victor Bay Formation where it occurs in the basin,
whereas the co eval, siliciclastic-dominated Strathcona
Sound Formation is separated from the Victor Bay Formation by a regional unconformity to the northwest (Jackson
and Iannelli, 1981; Sherman et al., 2002). Facies are dominated by hummocky cross-stratified, fine-grained grainstone and rhythmically laminated, muddy limestone facies,
which are interbedded with sandstone beds at the base.
Many beds are deformed by soft-sediment slump and load
structures. The siliciclastic contribution to these facies becomes more abundant upsection, where carbonate grainstone, rhythmites and microbialite facies alternate with
channelized conglomerate and sandstone beds near the upper contact with the Strathcona Sound Formation. This
gradational transition to the Strathcona Sound Formation is
not observed in the Tremblay Sound area, but is exposed
further north in the Mala River valley. In section SW1602, a
green, aphanitic to glassy volcanic tuff bed ~5.5 cm thick
located at the stratigraphic height of ~122 m (latitude
72°29"55.3’ N, longitude 80°36"16.6’ W) was identified
and sampled (Figure 4f). This discovery marks the first evidence for post-Nauyat Formation syndepositional volcanism in the Bylot Supergroup.

Composite stratigraphic section
A composite stratigraphic section was compiled from the
near continuous (a few steep canyons were inaccessible)
succession of middle Bylot Supergroup carbonate facies
along Tremblay Sound (Figure 5). This section includes the
entire carbonate-dominated Uluksan Group and the poorly
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Figure 4: Photographs of various facies from the middle Bylot Supergroup along Tremblay Sound, northwestern Baffin Island: a) stromatolites from the Angmaat Formation of section SW1605; b) silicified microbialite of the Angmaat Formation
of section K1702; c) crackle-brecciated teepee structures of the Angmaat Formation at the top of section K1702; d) softsediment slump of the lower Victor Bay Formation limestone rhythmite from section T1707; e) regularly laminated
dolomitic mudstone–grainstone couplets from the Victor Bay Formation from section SW1603; f) green volcanic tuff bed
within Athole Point Formation carbonate facies at ~122 m of section SW1602.
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studied overlying Athole Point Formation. Samples were
taken at intervals of 1–3 m from all sections and will be
used for a broad array of chemostratigraphic and paleontological projects. These new data will help to characterize the
secular development of environments within the Borden
Basin and will lead to an improved understanding of the
geological setting of the middle Bylot Supergroup.

Preliminary results
Thus far, acid macerations have suc cess fully iso lated
microfossils from Arctic Bay and Iqqittuq formations shale
samples, yielding diverse assemblages and some previously undocumented species from the Bylot Supergroup.
Notably, the well-preserved Iqqittuq assemblage includes
cells with a variety of complex morphologies, suggesting
that eukaryotic microorganisms were more diverse around
1000 Ma than previously recorded. Heavy mineral separation of >2 kg of the Athole Point Formation tuff yielded no
zircon for U-Pb geochronology, but other radiometric
dating techniques are being considered.

Economic considerations
The Nanisivik Formation, which is a deeper water equivalent to the Angmaat Formation, hosts base-metal (Zn, Pb,
Ag and Cu) deposits (Patterson and Powis, 2002) in various
regions throughout the Borden Basin (Turner, 2011). Mineralization is associated with brittle faults, fractures or
dykes and is concentrated along the erosional unconformity with the overlying Victor Bay Formation (Olson et
al., 1984), with the past-producing Nanisivik Mississippi
Valley–type orebody near the hamlet of Arctic Bay estimated at ~19 Mt of 10% Zn+Pb (Sherlock et al., 2004). Carbonate rocks of the Nanisivik Formation in the Alpha River
valley west of the Tremblay Sound region contain basemetal showings (Hnatyshin et al., 2016), but there is no
field evidence for mineralization in the Tremblay Sound
study area. Preliminary elemental-abundance data also show
no evidence for mineralization and carbonate samples from
this study have an average of ~10 ppm Zn.
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